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(54) Developing device, charging method used therefor, and printing apparatus having the 
developing device 



(57) A developing device includes a developing roll- 
er (11) and a toner charging roller (13). The toner charg- 
ing roller (13) has (a) a metallic layer (32) which induces 
its electrons by receiving light irradiation, and (b) an ul- 
traviolet irradiater (33) which irradiates ultraviolet to the 
metallic layer (32). The toner charging roller (13) gives 
the electrons to toner, so that the toner on the develop- 



ing roller (11) is charged. There is a space between the 
toner charging roller (13) and the developing roller (11), 
and a grid electrode (40) which controls a flow of the 
electrons is provided in the space. Thus, mechanical/ 
thermal load given to the toner or the toner charging roll- 
er (13) can be reduced, so that it is possible to prevent 
deterioration of toner and the device. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a developing 
device used in an electrophotographic-type image form- 
ing apparatus such as a copying machine, a printer, and 
a facsimile, and relates to a charging method used 
therefor and a printing apparatus having the developing 
device. 

BACKGROUND OF THE INVENTION 

[0002] Generally, an electrophotographic-type image 
forming apparatus (electrophotographic apparatus) 
such as a copying machine, a printer, and a facsimile 
includes an LSU, a photoreceptor drum, and a develop- 
ing device. Here, the LSU is to irradiate laser beam on 
a rotating photoreceptor drum, and to form an electro- 
static latent image on a surface of the photoreceptor 
drum. Further, a developing device develops (visualiz- 
es) the electrostatic latent image by providing toner to 
the photoreceptor drum. 

[0003] The developing device includes a developing 
roller which is provided so as to be adjacent and oppo- 
site to the photoreceptor drum. Further, the developing 
device is set to be capable of providing toner sequen- 
tially to the whole electrostatic latent image on the pho- 
toreceptor drum by providing toner to the surface of the 
developing roller and rotating the developing roller in a 
direction opposite to the photoreceptor drum. 
[0004] Incidentally, in the above-mentioned develop- 
ing device, toner is electrostatically absorbed in the 
electrostatic latent image on the photoreceptor drum, so 
that developing is performed. Thus, it is required to 
charge toner by any method. 

[0005] For example, a developing device using toner 
of nonmagnetic 1 component system or toner of mag- 
netic 1 component system (toner containing magnetic 
powder) includes a supplying roller provided opposite to 
the developing roller, and a layer thickness restricting 
blade (blade) provided on the downstream side with re- 
spect to the supplying roller (on the downstream side 
along a rolling direction of the developing roller). 
[0006] The supplying roller supplies toner sequential- 
ly to a surface of the rotating developing roller, and the 
blade restricts a thickness of toner whose surface is un- 
even on the developing roller. Further, the blade is also 
charging means, and is set to give frictional charge to 
toner by rubbing against the toner which serves as 
charged means. Thus, it is possible to charge toner used 
to develop images. 

[0007] A developing device using developer of 2 com- 
ponent system, in which carrier is mixed with toner, is 
arranged so that toner and carrier are stirred and mixed 
in a toner tank, and friction which occurs between them 
gives frictional charge to the toner as in the foregoing 
manner. In this case, the carrier serves as the charging 



means. 

[0008] However, according to the arrangement in 
which friction against the blade (mechanical friction) 
charges toner, it is required to enlarge speed difference 
5 between the toner and the blade so as to obtain a suf- 
ficient amount of charge. While, mechanical/thermal 
load is given to the toner and the blade in proportion to 
the speed difference. 

[0009] Thus, if the speed difference is enlarged so as 
to obtain the sufficient amount of charge, the mechani- 
cal/thermal load given to the toner and the blade be- 
comes large, so that there occurs such a problem that 
toner is damaged or deteriorated. Moreover, this ar- 
rangement has the following defect: toner which has 
been softened by frictional heat is fused and adheres to 
the blade or the developing roller, so that charging prop- 
erty of toner deteriorates and the developing device be- 
comes out of order. 

[0010] Also in the arrangement in which toner is 
charged by the friction against the carrier, in order to 
obtain the sufficient amount of charge, it is required to 
stir the toner and the blade at a high speed so as to 
enlarge the speed difference as in the arrangement in 
which the blade is used. Thus, excessive mechanical/ 
thermal load is given to the toner and the carrier, so that 
this raises such a problem that toner/carrier is damaged 
or deteriorated. Moreover, this arrangement has the fol- 
lowing defect: tonerwhich has been softened by friction- 
al heat is fused and adheres to the blade or the devel- 
oping roller, so that charging property of toner deterio- 
rates. 

[0011] In the developing device using the method 
which causes toner to come into contact with the charg- 
ing means such as blade/carrier with a large speed dif- 
ference maintained (contact charging method), me- 
chanical/thermal load given to the charging means such 
as toner, and blade/carrier is large. 
[0012] In particular, toner which requires less fixing 
energy in accordance with reduction in a softening point 
of toner, or has higher coloring performance in accord- 
ance with increase in a pigment amount of toner (dam- 
age-proof property of toner is lowered) has been being 
improved as an energy-saving technique recently. How- 
ever, since the conventional friction-charging method 
gives mechanical/thermal load to toner as described 
above, it is impossible to apply the method to the above- 
mentioned toner. 

SUMMARY OF THE INVENTION 

[001 3] The object of the present invention is to provide 
(a) a developing device which can reduce mechanical/ 
thermal load given to toner and toner charging means 
for charging the toner so as to prevent deterioration of 
toner and the device, (b) a charging method used there- 
fore, and (c) a printing apparatus having the developing 
device. 

[0014] Alternately, the object of the present invention 
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is to provide a developing device which can prevent ton- 
er from deteriorating, that is, from being damaged and 
from adhering to a blade so as to improve reliability in 
developing images, and is particularly to provide (a) ton- 
er whose softening point is lowered so as to reduce a 
fixing energy and (b) a developing device which can be 
applied to toner whose pigment amount is increased so 
as to heighten the coloring performance. 
[0015] In order to achieve the foregoing object, a de- 
veloping device of the present invention, which is used 
in an electrophotographic apparatus to develop an elec- 
trostatic latent image on a latent image support body by 
developer that has been charged, includes: transport 
means for supporting the developer so as to transport 
the developer to the latent image support body; and 
charging means which includes (a) an electron inducing 
section for inducing its electrons by receiving light irra- 
diation and (b) irradiating means for irradiating light to 
the electron inducing section, and gives the electrons to 
the developer so as to charge the developer, wherein 
the charging means and the transport means have a 
space therebetween, and a grid electrode for controlling 
a flow of the electrons is provided in the space. 
[0016] According to the foregoing arrangement, the 
charging means and the transport means have a space 
therebetween, so that developer and the charging 
means are not in contact with each other while having 
a great speed difference when the developer being 
transported is charged. Thus, mechanical/thermal load 
given to the developer and the charging means can be 
restricted. Thus, it is possible to prevent developer from 
deteriorating (from being damaged) and the device from 
deteriorating. Further, it is possible to prevent deterio- 
ration in charging property of developer which is brought 
about since developer softened by frictional heat be- 
tween the charging means and the transport means ad- 
heres to the charging means or the transport means. 
[0017] Further, the grid electrode is provided, so that 
it is possible to control a flow of electrons flowing from 
the charging means to the transport means. Thus, it is 
possible to restrict dispersion of the charging amount 
with respect to developer, so that it is possible to stabi- 
lize a surface potential of developer at a desired value. 
Thus, reliability of the developing device can be im- 
proved. 

[0018] Alternately, in order to achieve the foregoing 
object, the developing device of the present invention, 
which is used in an electrophotographic apparatus to 
develop an electrostatic latent image on a latent image 
support body by developer that has been charged, in- 
cludes: a developer support body for supporting the de- 
veloper so as to transport the developer to the latent 
image support body; and developer charging means for 
charging the developer, wherein the developer charging 
means is provided so as to be separated from the de- 
veloper support body and is provided with an electron 
emitting section which can emit electrons toward the de- 
veloper which is to be charged, and the developer 
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charging means charges the developer by sprinkling the 
electrons, that have been emitted from the electron 
emitting section, over the developer. 
[001 9] According to the foregoing arrangement, in the 
5 developing device, developercan be charged by the de- 
veloper charging means. In this case, it is not necessary 
that a layer thickness restricting blade, which restricts a 
layer thickness of toner provided on the developer sup- 
port body as a layer, has both functions: (a) a toner-lay- 
er-thickness restricting function and (b) a toner charging 
function, but the layer thickness restricting blade can 
specialize in the toner-layer-thickness restricting func- 
tion. 

[0020] Further, the developer charging means is pro- 
vided so as to be separated from the developer support 
body, and the developer charging means charges the 
developer by sprinkling the electrons, that have been 
emitted from the electron emitting section, over the de- 
veloper. That is, the developer charging means can 
charge developer without giving any load to the devel- 
oper. 

[0021] Thus, in the developing device, it is possible to 
largely reduce pressure of the layer thickness restricting 
blade exerted on the developer support body compared 
with a conventional layer thickness restricting blade, so 
that load (mechanical load and thermal load) exerted on 
the developer is reduced. Thus, it is possible to prevent 
developer from being damaged and from adhering. 
[0022] For a fuller understanding of the nature and ad- 
vantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

FIG. 1 is an explanatory drawing showing an ar- 
rangement of a printing apparatus according to Em- 
bodiment 1 of the present invention. 
FIG. 2 is a detail drawing showing an arrangement 
of a toner charging roller. 

FIG. 3 is an explanatory drawing showing an exam- 
ple of a photoelectron charging test. 
FIG. 4 is an explanatory drawing showing how a de- 
veloping roller, the toner charging roller, and a grid 
electrode are arranged. 

FIG. 5 is a detail drawing showing a shape of the 
grid electrode. 

FIG. 6 is an explanatory drawing showing how the 
grid electrode controls a flow of electrons. 
FIG. 7 is a graph showing how displacement in a 
rotating direction of the developing roller relates to 
a surface potential of toner in a toner layer. 
FIG. 8 is an explanatory drawing showing a voltage 
applied to a developing section. 
FIG. 9 is an explanatory drawing showing an exam- 
ple of a photoelectron charging test in a case where 
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a wavelength converting element Is provided. 
FIG. 1 0 is a cross sectional view showing a sche- 
matic arrangement of a developing device accord- 
ing to Embodiment 2 of the present invention. 
FIG. 11(a) and FIG. 11(b) show an arrangement of 
a toner restricting blade used in the developing de- 
vice, and FIG. 1 1 (a) is a plan view and FIG. 1 1 (b) is 
a cross sectional view in C-C of FIG. 11(a). 
FIG. 12 is a cross sectional view showing a sche- 
matic arrangement of a developing device accord- 
ing to Embodiment 3 of the present invention. 
FIG. 13(a) and FIG. 13(b) show an arrangement of 
a toner restricting blade used in the developing de- 
vice, and FIG. 13(a) is a plan view and FIG. 13(b) 
is a cross sectional view in C-C of FIG. 13(a). 
FIG. 14 is a drawing which describes lines of electric 
force which occurs in the vicinity of an opening of 
the toner restricting blade in a case where an elec- 
tric bias is applied between the toner restricting 
blade and the developing roller. 
FIG. 15 is a graph showing how electric field 
strength of the electric bias applied between the 
toner restricting blade and the developing roller re- 
lates to a process speed at which images can be 
formed. 

FIG. 16 is a graph showing how a toner charging 
amount in the developing device relates to pressure 
of the toner restricting blade. 
FIG. 17(a) and FIG. 17(b) show an arrangement of 
a toner restricting blade used in a developing device 
according to Embodiment 4 of the present inven- 
tion, and FIG. 1 7(a) is a plan view and FIG. 1 7(b) is 
a cross sectional view in C-C of FIG. 17(a). 
FIG. 18(a) and FIG. 18(b) show an arrangement of 
a toner restricting blade used in a developing device 
according to Embodiment 5 of the present inven- 
tion, and FIG. 1 8(a) is a plan view and FIG. 1 8(b) is 
a cross sectional view in C-C of FIG. 18(a). 
FIG. 1 9 is a graph showing how transmission factor 
of an electron emitting section formed on the toner 
restricting blade relates to density of an emission 
current of electrons emitted from the electron emit- 
ting section. 

FIG. 20 is a cross sectional view showing a sche- 
matic arrangement of a developing device accord- 
ing to Embodiment 6 of the present invention. 
FIG. 21(a) and FIG. 21(b) show an arrangement of 
a toner restricting blade used in the developing de- 
vice, and FIG. 21 (a) is a cross sectional view of the 
toner charging means, and FIG. 21 (b) is a plan view 
showing a state of a surface of the toner charging 
means, and FIG. 21(c) is a cross sectional view in 
D-D of FIG. 21(a). 

FIG. 22(a) and FIG. 22(b) show an arrangement of 
toner charging means used in a developing device 
according to Embodiment 7 of the present inven- 
tion, and FIG. 22(a) is a cross sectional view of the 
toner charging means and FIG. 22(b) is a cross sec- 



tional view in the vicinity of a surface of the toner 
charging means. 

FIG. 23(a) and FIG. 23(b) show an arrangement of 
another toner charging means used in the develop- 
5 ing device according to Embodiment 7 of the 

present invention, and FIG. 23(a) is a cross section- 
al view of the toner charging means and FIG. 23(b) 
is a cross sectional view in the vicinity of a surface 
of the toner charging means. 
10 FIG. 24 is a cross sectional view showing a sche- 
matic arrangement of a developing device accord- 
ing to Embodiment 8 of the present invention. 
FIG. 25 is a graph showing how electric field 
strength of an electric bias applied between an elec- 
ts tron emitting section of the developing device and 
an electrode plate provided opposite to the electron 
emitting section relates to a process speed at which 
images can be formed. 

20 DESCRIPTION OF THE EMBODIMENT 

[Embodiment 1] 

[0024] One embodiment of the present invention is 
25 described based on drawings as follows. 

[0025] FIG. 1 is an explanatory drawing showing an 
arrangement of a printing apparatus according to the 
present embodiment. The printing apparatus according 
to the present embodiment, as shown in FIG. 1, in- 
30 eludes: a developing section (developing device) 1 ; a 
photoreceptor drum 2; a charging roller 3; a transcription 
roller 4; a pair of fixing rollers 5; and an LSU (laser beam 
scanner unit) 6. Further, this has an arrangement in 
which nonmagnetic toner of 1 component system is 
35 used. 

[0026] The photoreceptor drum 2 has a photoreceptor 
on its surface, and has a drum-shaped body/The pho- 
toreceptor drum 2 is driven so as to rotate in an A-direc- 
tion at a speed of 50 to 150 mm/s. 

40 [0027] The charging roller 3 uniformly charges a sur- 
face of the photoreceptor drum 2 at a predetermined po- 
tential. The charging roller 3 is driven so as to rotate in 
a B-direction (direction opposite to the A-direction) at 
the same speed as the photoreceptor drum 2. 

45 [0028] The LSU (laser beam scanner unit) 6 exposes 
a surface of the charged photoreceptor drum 2 by laser 
beam (an arrow of FIG. 1). Further, the LSU has a func- 
tion for forming a electrostatic latent image, correspond- 
ing to image data inputted from the outside, on the sur- 

50 face of the photoreceptor drum 2. 

[0029] The developing section 1 forms a toner image 
on the photoreceptor drum 2 by developing the electro- 
static latent image formed by the LSU. The developing 
section 1 will be detailed later. 

55 [0030] In this manner, the surface of the photorecep- 
tor drum 2, which has been uniformly charged at a pre- 
determined potential by the LSU 6, is exposed by laser 
beam directed from the LSU 6. Thus, an electrostatic 




latent image, corresponding to image data (image sig- 
nal) inputted from the outside, is formed on the surface 
of the photoreceptor drum 2. Then, the developing roller 
11 (described later) in the developing section 1 causes 
toner to adhere to the electrostatic latent image formed 
on the photoreceptor drum 2, so that the electrostatic 
latent image is developed into a toner image. 
[0031] The transcription roller 4 transcribes the toner 
image formed on the photoreceptor drum 2 on a sheet P. 
[0032] The pair of fixing roller 5 heats and presses the 
sheet P on which the toner image has been transcribed, 
so that the toner image is fixed on the sheet P by heat. 
[0033] Next, description will be given as to the devel- 
oping section 1 which is a characteristic arrangement in 
the printing device according to the present embodi- 
ment. 

[0034] As shown in FIG. 1 , the developing section in- 
cludes: a developing tank 1 0; a developing roller (trans- 
port means) 11; a toner supplying roller (supplying 
means) 1 2; a toner charging roller (charging means) 1 3; 
a stirring roller 14; and a grid electrode 40. 
[0035] The developer tank 1 0 is a container (toner 
tank) for storing toner T. 

[0036] By stirring the toner T stored in the developer 
tank 10, the stirring roller 14 transports the toner T to 
the vicinity of the toner supplying roller 1 2, under a con- 
dition that coagulation of the toner T is resolved, that is, 
under a condition that no load is given to the toner T. 
[0037] The developing roller 1 1 has a cylindrical body 
in which a base cylinder 22 made of A! (aluminium) is 
provided with a rubber layer 21 made of conductive rub- 
ber elastic material. Further, the developing roller 11 is 
a roller provided opposite to the photoreceptor drum 2, 
and is driven so as to rotate in a B-di recti on (direction 
opposite to the photoreceptor drum 2) at a speed of 50 
to 150 mm/s (the same speed as the photoreceptor 
drum 2) so that the developing roller 11 is in contact with 
the photoreceptor drum 2, with the toner supported on 
a surface of the developing roller 1 1 . Thus, the toner T 
can adhere to the electrostatic latent image formed on 
the photoreceptor drum 2, so that it is possible to devel- 
op the electrostatic latent image into a toner image. 
[0038] The toner supplying roller 1 2 is a roller consti- 
tuted of cylinder-shaped foaming rubber elastic materi- 
al. Further, the toner supplying roller 12 is provided op- 
posite to the developing roller 11 in the developer tank 
1 0. A predetermined bias voltage is applied to the toner 
supplying roller 12, and the toner supplying roller 12 can 
absorb and support the tonerT. The toner supplying roll- 
er 1 2 is in contact with the developing roller 1 1 while 
rotating in a direction (A-direction) opposite to a rotating 
direction (B-direction) of the developing roller 11 at the 
same speed as the developing roller 1 1 with the toner T 
supported on a surface of the toner supplying roller 12. 
Thus, the toner T stored in the developer tank 1 0 is sup- 
plied to an outer surface of the developing roller 11. 
Hereinbelow, a layer in which the outer surface of the 
developing roller 11 is covered by the toner is referred 
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to as a toner layer. Here, the toner supplying roller 12 
supplies the toner T to the developing roller 11 while ro- 
tating, so that it is possible to uniform a thickness of the 
toner layer (make a thickness of the toner layer even). 

5 That is, the toner supplying roller 1 2 also has a function 
for restricting a thickness of the toner layer. 
[0039] The toner charging roller 1 3 is provided oppo- 
site to the toner supplying roller 12 with the grid elec- 
trode 40 therebetween. 

10 [0040] The toner charging roller 13 is oppositely pro- 
vided, along a rotating direction (B-direction) of the de- 
veloping roller 11 , on the downstream side with respect 
to the toner supplying roller 12, and on the upstream 
side with respect to the photoreceptor drum 2. Further, 

is the toner charging roller 13 is a roller, and rotates at a 
constant speed in a direction opposite to the developing 
roller 11 (A-direction). 

[0041 ] The toner charging roller 1 3, as shown in FIG. 
2, has an arrangement in which an ITO layer 31 and a 
20 metallic layer 32 are formed on a base roller 30, and 
ultraviolet irradiater (irradiating means) 33 is provided 
in the base roller 30. 

[0042] The ultraviolet irradiater 33 is an ultraviolet 
lamp (mercury lamp of low pressure), and is a light 

25 source which irradiates ultraviolet from the inside of the 
base roller 30 toward the outside. The ultraviolet is irra- 
diated to the toner layer, and this causes the toner on 
the developing roller 11 to be charged. 
[0043] The base roller 30 is a cylindrical roller made 

30 of fused quarts having ultraviolet transmission property 
or transparent acrylate resin. 

[0044] The ITO 31 is an electrode made of conductive 
ITO (Indium-Tin-Oxide) through which ultraviolet can 
transmit, and is provided on the base roller 30. Further, 

35 a bias voltage of -900V to -1500V is applied between 
the ITO layer 31 and the developing roller 11 depending 
on a rotation speed of the photoreceptor drum 2. 
[0045] The metallic layer (electron inducting section) 
32 is formed on the ITO layer 31 , and receives ultraviolet 

to irradiated from the ultraviolet irradiater 33, so that the 
metallic layer 32 emits electrons (photoelectrons) in ac- 
cordance with photoeffect. Further, the metallic layer 32 
is made of semiconductor or metal such as aluminium 
(Al). 

45 [0046] Note that, as long as material having photoef- 
fect (electrons inductive material) is used, material for 
the metallic layer 32 is not particularly limited. Further, 
titanium oxide used as photocatalyst may be used as 
material for the metallic layer 32. 

so [0047] As described above, the toner supplying roller 
12 has a function for restricting a thickness of the toner 
layer, and uniforms the thickness of the toner layer on 
the developing roller, so that it is possible to charge the 
toner in the toner tank without fail. Thus, it is possible to 

55 prevent dispersion of the charging amount of the toner, 
so that it is possible to improve charging performance 
with respect to the toner. As a result, reliability of the 
developing section 1 can be improved. 
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[0048] Operations of the developing section 1 is de- 
scribed as follows. 

[0049] When developing is commenced, the toner 
supplying roller 12 forms toner layer sequentially along 
a circumferential direction. Thereafter, a toner layer on 
the developing roller 11 is transported between the de- 
veloping roller 11 and the toner charging roller 13. Fur- 
ther, the toner charging roller 1 3 gives electrons emitted 
from the metallic layer 32 to the toner, so that the toner 
is charged by photoelectron. 

[0050] Thereafter, the charged toner is sent to a por- 
tion opposite to the photoreceptor drum 2, and is elec- 
trostatically absorbed in (supplied to) an electrostatic la- 
tent image formed on the photoreceptor drum 2. Thus, 
the electrostatic latent image is developed (visualized) 
as a toner image. 

[0051] Next, photoelectron charge performed by the 
toner charging roller 13 is described. 
[0052] In the toner charging roller 13, the ultraviolet 
irradiater33 irradiates ultraviolet, so that electrons e are 
induced and emitted from the metallic layer 32 to the 
outside in accordance with photoeffect. 
[0053] A bias voltage of -900V to -1500V is applied 
between the ITO layer 31 and the developing roller 11 . 
Thus, the electrons e induced from the metallic layer 32 
are accelerated toward the developing roller 11 , in ac- 
cordance with the bias voltage, while bringing about 
electrons multiplication between rollers 12 and 13 due 
to electron avalanche. Further, an amount of electrons 
e which arrive at the toner on the developing roller 1 1 is 
adjusted (flow of the electrons e is controlled) in the grid 
electrode 40 (described later). Thereafter, only the pre- 
determined number of electrons e on the developing 
roller 1 1 arrive at the toner. 

[0054] Due to the electrons e, the toner is charged to 
more than -5jiC/g which is a desired charging amount, 
and more preferably, the toner is charged to more than 
-1 0u.C/g. Further, due to the electrons e, the toner layer 
is charged to less than -30p.C/g which is a desired charg- 
ing amount, and more preferably, the toner layer is 
charged to less than -20u,C/g. 

[0055] In the case where the charging amount of the 
toner is more than -5u.C/g, the toner can adhere to the 
developing roller 1 1 upon transporting the toner on the 
developing roller 1 1 , so that It is possible to prevent 
splash of the toner being transported. Further, the toner 
can adhere to the photoreceptor drum 2 upon develop- 
ing an electrostatic latent image on the photoreceptor 
drum 2, so that it is possible to prevent deterioration of 
printing density, for example, in the case where the de- 
veloping section 1 is provided in the printing apparatus. 
[0056] While, in the case where the charging amount 
of the toner is less than -30p,C/g, the toner does not ad- 
here to the photoreceptor drum 2 excessively upon de- 
veloping an electrostatic latent image on the photore- 
ceptor drum 2. Thus, for example, in the case where the 
developing section 1 is provided in the printing appara- 
tus, it is possible to prevent rise in the printing density 
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and occurrence of fog in printing. As described above, 
the charging amount of -5u.C/g to -30u.C/g is suitable to 
develop images by using developer. Thus, it is possible 
to improve reliability of the developing section 1 . 

5 [0057] Here, photoeffect is described. Electrons that 
exist on a surface of a metal or a semiconductor (surface 
electrons) are induced/emitted to the outside by receiv- 
ing energy that is more than a predetermined value 
(work function) from the outside. Then, the photoeffect 

10 is a phenomenon in which the above-mentioned energy 
is given to the surface electrons by irradiation of light, 
and the surface electrons are emitted as electrons. 
[0058] An example of the photoelectron charging 
used in the developing section 1 is described. Here, the 

is following description based on FIG. 3 is to describe an 
example of an experiment performed with respect to 
photoelectron charging in which electrons are induced 
from the toner charging roller 13 in accordance with ir- 
radiation of ultraviolet. 

20 [0059] First, a plate was manufactured as a virtual 
toner charging roller 13. The plate, first, was formed by 
performing vacuum deposition of an ITO 61 and a sem- 
iconductor 62 made of GaAs in this order with respect 
to a surface of a transparent acrylate plate 60. Further, 

25 instead of toner T, a PES 63 of polyester resin, a material 
of which toner is made, was placed on the plate as a 
charged member. 

[0060] Here, a thickness k of the transparent acrylate 
plate 60 was 1 to 5mm, and a thickness m of the ITO 61 
30 was dozens nm, and a thickness 1 of the semiconductor 
62 was dozens nm, and a thickness n of the PES 63 was 
10 to 100nm. 

[0061] Thereafter, an ultraviolet irradiater33 irradiat- 
ed ultraviolet whose wave X was 350nm from a side of 
35 a surface opposite to a surface having the PES (poly- 
ether sulfone) 63 on the plate. At this time, irradiation 
energy was 0.1 to 1 0mW/cm2, and irradiation time was 
several seconds. 

[0062] This realized charging -150 to -30V with re- 

40 spect to the surface of the PES 63. This means that ton- 
er can be charged even in a state in which there is no 
speed difference between toner which is a charged 
member and the toner charging roller 13 which is a 
charging member. 

45 [0063] An electron avalanche is described as follows. 
That is, electrons which have been induced from the me- 
tallic layer 32 and accelerated by a bias voltage collide 
with gaseous molecules (0 2 , N 2 etc.) in air between the 
toner charging roller 1 3 and the developing roller 1 1 , and 

50 are dissociated, and dissociated electrons are emitted. 
Further, the new electrons brought about by the disso- 
ciation are accelerated by a bias voltage so as to disso- 
ciate other electrons, so that new dissociated electrons 
are emitted. Such increase of electrons is electron ava- 

55 lanche. 

[0064] When the electron avalanche is used in this 
manner, it is possible to perform the following operation: 
electrons brought about by the photoeffect are acceler- 
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ated by a bias voltage and collide with gaseous mole- 
cules in air, and new electrons are brought about by dis- 
sociating the foregoing electrons so as to make the new 
electrons participate in the dissociating operation se- 
quentially. Further, an ultraviolet irradiating strength and 
an applied voltage are determined by regarding the 
number of electrons increased in accordance with the 
electron avalanche as a desired value. 
[0065] As described above, the toner charging roller 
13 is not in contact with the developing roller 11, and 
rotates at the same speed as the developing roller 11 , 
and charges the toner layer on the developing roller 11 
to a predetermined voltage value. Thus, in the metallic 
layer 32, an area which receives light irradiated by the 
ultraviolet irradiater 33 and induces electrons given to 
the toner is not always fixed, but moves with rotation of 
the toner charging roller 13. Thus, light can be irradiated 
to a refreshed surface, and it is possible to reduce an 
amount of irradiated light while promoting the occur- 
rence of the electrons. 

[0066] The metallic layer 32 is made of semiconductor 
or metal, so that the metallic layer 32 can easily emit 
electrons (has photoeffect). Therefore, since electrons 
induced by light irradiation can be directly given to the 
toner, it is possible to charge the toner easily. Thus, even 
when there is a space between the developing roller 11 
and the toner charging roller 13, it is possible to charge 
the toner on the developing roller 11 . 
[0067] Note that, it is preferable that a distance be- 
tween the toner charging roller 13 and the grid electrode 
40 is 50 to 500p.m, and a distance between the grid elec- 
trode 40 and the developing roller 11 is 50 to 500um 
[0068] Further, there is a space between the develop- 
ing roller 11 and the toner charging roller 13, so that the 
toner and the toner charging roller 13 are not in contact 
with each other while having a large speed difference 
upon charging the toner on the developing roller 11. 
Thus, it is possible to restrict mechanical/thermal load 
given to the toner and the toner charging roller 13. This 
prevents deterioration of the toner (damage given to the 
toner) and deterioration of the device. Further, toner 
which has been softened by frictional heat brought 
about between the developing roller 11 and the toner 
charging roller 13 is fused and adheres to the develop- 
ing roller 11 or the toner charging roller 13, so that it is 
possible to prevent deterioration in a charging charac- 
teristic of the toner. 

[0069] Although toner of 1 component system is 
charged by photoelectron charging in this manner, as a 
method for charging toner, toner containing a P com- 
pound may be used. In this method, a chemical structure 
of the P compound is changed by irradiating light to ton- 
er stored in the developer tank, so as to make the P com- 
pound in a free radical state. Then, electrons of the toner 
are pulled out by the P compound in the free radical 
state, so that the toner is charged (+charge). 
[0070] However, since the toner needs to contain the 
P compound in this method, typical toner cannot be 
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used, so that this raises such a problem that running 
cost becomes large. Further, in this method, it is re- 
quired to increase an amount of the P compound so as 
to charge the toner quickly and sufficiently, but the in- 
5 crease of the P compound, a crystallized material, re- 
duces density (masking rate) of a toner image obtained 
by developing, and makes toner weak so as to cause 
crash of toner. 

[0071] The grid electrode 40 is described as follows. 
10 [0072] The grid electrode 40, as shown in FIG. 4, is 
provided between the developing roller 11 and the toner 
charging roller 13, and controls a flow of electrons e 
flowing from the toner charging roller 13. Further, its 
shape, as shown in FIG. 5, is mesh. 
is [0073] First, how the flow of electrons e is controlled 
by the grid electrode 40 is described based on FIG. 6. 
[0074] As shown in FIG. 6, the grid electrode 40 is 
provided between the developing roller 1 1 and the toner 
charging roller 13. Further, a voltage of X(V) is applied 
to the toner charging roller 1 3, and a voltage of Y(V)(grid 
voltage) is applied to the grid electrode 40. A relation- 
ship between an absolute value of X and an absolute 
value of Yis IXI>IYI. 

[0075] An absolute value of a voltage applied to the 
toner charging roller 13 is made larger than an absolute 
value of a voltage applied to the grid electrode 40, so 
that electrons which have jumped out of the metallic lay- 
er 32 of the toner charging roller 1 3 can be emitted from 
the grid electrode 40 to toner on the developing roller 11 . 
[0076] The grid electrode 40 emits the electrons e that 
have jumped out of the toner charging roller 1 3 until ton- 
er's potential which exists on a portion (surface of the 
developing roller 1 1 ) opposite to the toner charging roller 
13 (hereinbelow, referred to as surface potential) be- 
comes Y(V). Here, electrons e emitted to the side of ton- 
er is referred to as e1 . 

[0077] While, when the surface potential of the toner 
layer becomes Y(V), the electrons e are restricted so as 
not to jump out to aside of the developing roller 1 1 . Here, 
electrons e, which are restricted by the grid electrode 
40 and cannot go out from the grid electrode 40 to the 
side of the developing roller 11 , are referred to as e2. 
[0078] In this manner, the grid electrode 40 restricts 
a flow of electrons flowing from the toner charging roller 
13 to the developing roller 11 . Thus, the surface poten- 
tial of the toner layer is stabilized, so it is possible to 
restrict dispersion of the charging amount in the toner 
layer. As a result, charging with respect to the toner layer 
can be stabilized, so that it is possible to improve relia- 
bility of the developing section 1 . 
[0079] Next, based on FIG. 7, comparatione will be 
performed between a surface potential in the case 
where the grid electrode 40 is provided between the de- 
veloping roller 1 1 and the toner charging roller 1 3 and a 
surface potential in the case where the grid electrode 
40 is not provided. FIG. 7 is a graph showing a relation- 
ship between displacement of the toner layer brought 
about in a rotating direction of the developing roller 1 1 
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and the surface potential of the toner layer. Further, the 
grid electrode 40 controls a flow of electrons e so that 
the surface potential of the toner is Z. 
[0080] As shown in FIG. 7, in the case where the grid 
electrode 40 is provided, as shown by the dotted line 51 , 
the surface potential is stabilized at Z. While, as shown 
by the continuous line 52, in the case where the grid 
electrode 40 is not provided, material of which toner is 
made and deflection of a voltage applied to the toner 
charging roller 1 3 cause the surface potential of the ton- 
er layer to be unstable with respect to Z. 
[0081] Further, as shown in FIG. 8, a voltage applied 
to the toner charging roller 13 is -900 to -1500V, and a 
voltage applied to the developing roller 11 is -400 to- 
500V. In this case, in order to make the charging amount 
of the toner layer, for example, -10p,C/g to -20u.C/g 
which is suitable to develop images, a voltage of -50V 
is required. Thus, it is necessary to make the surface 
potential of the toner layer -450 to -550V. 
[0082] While, a voltage whose potential is the same 
as the surface potential of the toner layer is applied to 
the grid electrode 40. Then, in order to make the surface 
potential of the toner layer -450 to -550V, the grid voltage 
is also made -450 to -550V. That is, a value of the grid 
voltage is the same as a value of the surface potential 
of the toner layer, so that a voltage whose potential is 
the same as a desired surface potential is applied to the 
grid electrode 40. By providing the grid electrode 40 in 
this manner, it is possible to make the charging amount 
of toner a desired value. 

[0083] In this manner, an absolute value of a voltage 
applied to the grid electrode 40 is larger than an absolute 
value of a voltage applied to the developing roller 11. 
Thus, it is possible to charge toner of the toner layer with 
a voltage whose value is equal to difference between a 
voltage applied to the grid electrode 40 and a voltage 
applied to the developing roller 11 . 
[0084] A voltage, whose value is equal to a total value 
of (a) a value of a voltage for charging the toner layer 
and (b) a value of a voltage applied to the developing 
roller 11 , is applied to the grid electrode 40, so that it is 
possible to charge toner of the toner layer with a voltage 
whose value is equal to difference between a voltage 
applied to the grid electrode 40 and a voltage applied to 
the developing roller 11 . Thus, it is possible to stabilize 
the surface potential of the toner layer at a desired value. 
[0085] Note that, the above-mentioned developing 
section 1 is not limited to a printing apparatus, and it is 
possible to apply the developing section 1 to an electro- 
photographic-type image forming apparatus (electro- 
photographic apparatus) such as a copying machine, a 
printer, and a facsimile. 

[0086] Further, as shown in FIG. 9, a wavelength con- 
verting element (wavelength changing means) 70 may 
be provided between the toner charging roller 13 and 
the ultraviolet irradiater 33. In this case, a light ray 
whose wavelength is 700nm is emitted from the ultravi- 
olet irradiater 33. 



[0087] The following description based on FIG. 9 is to 
describe an example of an experiment, performed by 
using a plate similar to the plate used in the experiment 
shown in FIG. 3 and providing the wavelength convert- 

5 ing element 70, with respect to photoelectron charging 
in which electrons are induced from the toner charging 
roller 13 in accordance with irradiation of ultraviolet. 
[0088] The wavelength converting element 70 is 
made of nonlinear optical material. In this case, a light 

10 ray, emitted from the ultraviolet irradiater 33, which has 
a 700nm wavelength is converted into ultraviolet having 
a 350nm wavelength by the wavelength converting ele- 
ment 70 so as to be irradiated to the semiconductor 62. 
Thus, it is not required to prepare another ultraviolet ir- 

is radiater for irradiating ultraviolet having a 350nm wave- 
length which is most suitable for the semiconductor 62, 
so that it is possible to change the wavelength to 1/2 
easily by using the original ultraviolet irradiater 33. In 
this manner, it is possible to adjust a wavelength easily 

20 according to material of which the metallic layer 32 is 
made, so that efficiency in charging can be improved. 
Further, it is possible to realize low cost in the ultraviolet 
irradiater 33. 

[0089] As described above, the developing device ac- 
25 cording to Embodiment 1, which is used in an electro- 
photographic apparatus to develop an electrostatic la- 
tent image on a latent image support body by developer 
that has been charged, includes: transport means for 
supporting the developer so as to transport the devel- 
30 oper to the latent image support body; and charging 
means which includes (a) an electron inducing section 
for inducing its electrons by receiving light irradiation 
and (b) irradiating means for irradiating light to the elec- 
tron inducing section, and gives the electrons to the de- 
35 veloper so as to charge the developer, wherein the 
charging means and the transport means have a space 
therebetween, and a grid electrode for controlling a flow 
of the electrons is provided in the space. 
[0090] According to the foregoing arrangement, the 
40 charging means and the transport means have a space 
therebetween, so that developer and the charging 
means are not in contact with each other while having 
a great speed difference when the developer being 
transported is charged. Thus, mechanical/thermal load 
45 given to the developer and the charging means can be 
restricted. Thus, it is possible to prevent developer from 
deteriorating (from being damaged) and the device from 
deteriorating. Further, it is possible to prevent deterio- 
ration in charging property of developer. The deteriora- 
te tion in the charging property is brought about since de- 
veloper softened by f rictional heat between the charging 
means and the transport means adheres to the charging 
means or the transport means. 

[0091] Further, the grid electrode is provided, so that 
55 jt is possible to control a flow of electrons flowing from 
the charging means to the transport means. Thus, it is 
possible to restrict dispersion of the charging amount 
with respect to developer, so that it is possible to stabi- 
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lize a surface potential of developer at a desired value. 
Thus, reliability of the developing device can be im- 
proved. 

[0092] It is preferable that the developing device is ar- 
ranged so that the developer is negatively charged, and 
an absolute value of the charging amount is not less 
than 5pc/g and not more than 30u,c/g. 
[0093] In the case where the charging amount of the 
developer is more than -5nC/g, the developer can ad- 
here to the transport means in a transport process of the 
developer, so that it is possible to prevent splash of the 
developer being transported. Further, the developer can 
adhere to a latent image support body upon developing 
an electrostatic latent image on the latent image support 
body, so that it is possible to prevent deterioration of 
printing density, for example, in the case where the de- 
veloping device is provided in the printing apparatus. 
[0094] While, in the case where the charging amount 
of the developer is less than -30u.C/g, the developer 
does not adhere to the latent image support body ex- 
cessively upon developing the electrostatic latent image 
on the latent image support body. Thus, for example, in 
the case where the developing device is provided in the 
printing apparatus, it is possible to prevent rise in the 
printing density and occurrence of fog in printing. As de- 
scribed above, the charging amount of -5p.C/g to -30jj.C/ 
g is suitable to develop images by using developer. 
Thus, it is possible to improve reliability of the develop- 
ing device. 

[0095] It is preferable that the developing device is ar- 
ranged so that a voltage, whose value is equal to a total 
value of (a) a value of a voltage for charging the devel- 
oper and (b) a value of a voltage applied to the transport 
means, is applied to the grid electrode. 
[0096] According to the foregoing arrangement, it is 
possible to charge the developer with a voltage whose 
value is equal to difference between a voltage applied 
to the grid electrode and a voltage applied to the trans- 
port means. Thus, it is possible to stabilize a surface 
potential of the toner layer at a desired value. 
[0097] It is preferable that the developing device is ar- 
ranged so that the electron inducing section is constitut- 
ed of semiconductor or metal. 

[0098] According to the foregoing arrangement, the 
charging means having the electron inducing section 
can easily emit electrons (has photoeffect). Therefore, 
since electrons induced by light irradiation can be direct- 
ly given to the developer, it is possible to charge the de- 
veloper easily. Thus, even when there is a space be- 
tween the charging means and the transport means, it 
is possible to charge the developer. 
[0099] It is preferable that the developing device is ar- 
ranged so that a bias voltage is applied between the 
electron inducing section and the transport means. 
[01 00] According to the foregoing arrangement, elec- 
trons which have been induced from the electron induc- 
ing section are accelerated toward the transport means 
while bringing about electron avalanche. In this case, 



the accelerated electrons collide with gaseous mole- 
cules (0 2 , N 2 etc.) in air, and the gaseous molecules are 
dissociated, so that new electrons can be generated se- 
quentially. 

5 [01 01 ] It is preferable that the developing device is ar- 
ranged so that (a) supplying means for supplying the 
developer to the transport means and (b) the charging 
means are provided in this order along a direction in 
which the developer is transported, and the supplying 

10 means and the charging means are opposite to the 
transport means, and the supplying means restricts a 
thickness of the developer transported on the transport 
means to a fixed thickness. 

[0102] According to the foregoing arrangement, it is 
15 possible to restrict a thickness of the developer trans- 
ported on the transport means to a fixed thickness. In 
this manner, a thickness of the developer is restricted to 
a fixed thickness, so that it is possible to charge the de- 
veloper without fail. Thus, dispersion of the charging 
20 amount of the developer can be prevented, so that it is 
possible to improve charging performance of the devel- 
oper. As a result, reliability of the developing device can 
be improved. 

[01 03] It is preferable that the developing device is ar- 
25 ranged so that voltages having the same polarities are 
applied to the charging means, the grid electrode, and 
the transport means respectively, and the voltages sat- 
isfy a relationship of 

a voltage applied to the charging means > a voltage ap- 
30 plied to the grid electrode > a voltage applied to the 
transport means. 

[0104] According to the foregoing arrangement, an 
absolute value of a voltage applied to the charging 
means is larger than an absolute value of a voltage ap- 

35 plied to the grid electrode. Thus, electrons which have 
jumped out of the charging means can be emitted from 
the grid electrode to the developer. 
[0105] Further, an absolute value of a voltage applied 
to the grid electrode is larger than an absolute value of 

40 a voltage applied to the transport means. Thus, it is pos- 
sible to charge the developer with a voltage whose value 
is equal to difference between a voltage applied to the 
grid electrode and a voltage applied to the transport 
means. 

45 [01 06] It is preferable that the developing device is ar- 
ranged so that the developer is toner of 1 component 
system. 

[01 07] According to the foregoing arrangement, in the 
case where toner is used as the developer in the devel- 
50 oping device, it is possible to effectively prevent such 
defects: the image quality is lowered and the device is 
damaged. These defects are brought about by fusing of 
the developer. 

[0108] It is preferable that the developing device is ar- 
55 ranged so that wavelength changing means for chang- 
ing a wavelength of light irradiated from the irradiating 
means is provided between the electron inducing sec- 
tion and the irradiating means for irradiating the light to 
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the electron inducing section. 

[0109] According to the foregoing arrangement, it is 
possible to change a wavelength of light in the charging 
means, without preparing another irradiating means 
which irradiates light having the most suitable wave- 5 
length. Thus, it is possible to easily change a wave- 
length of light irradiated to the electron inducing section, 
without changing the irradiating means. Therefore, it is 
possible to easily adjust a wavelength according to ma- 
terial of which the electron inducing means is made, so 10 
that efficiency in charging can be improved. Further, it 
is possible to realize low cost in the irradiating means. 
[01 10] It is preferable that the developing device is ar- 
ranged so that the irradiating means is provided oppo- 
site to the transport means with the electron inducing is 
section therebetween. 

[0111] According to the foregoing arrangement, light 
from the irradiating means can reach the electron induc- 
ing section without being irradiated to the developer etc. 
Thus, it is possible to prevent reduction in a light amount 20 
which is brought about by irradiating the light to the de- 
veloper, and a light amount of the irradiating means can 
be secured. Further, it is possible to prevent the irradi- 
ating means from being soiled by the developer. 
[0112] Further, a charging method of the present in- 25 
vention is to develop an electrostatic latent image into 
a visualized image, wherein light is irradiated to an elec- 
tron inducing member which induces its electrons by re- 
ceiving the light that has been irradiated, and the elec- 
trons that have been induced are emitted to the devel- 30 
oper via a grid electrode so as to charge the developer. 
[0113] According to the foregoing arrangement, light 
is irradiated to the electron inducing material which in- 
duces its electrons by receiving light irradiation, and the 
induced electrons are emitted to the developer so as to 35 
charge the developer, so that it is possible to restrict me- 
chanical/thermal load given to the developer and the 
charging means for charging the developer. Thus, it is 
possible to prevent the developer from being damaged. 
Further, it is possible to prevent charging property of the *o 
developer from deteriorating. 

[0114] Further, the electrons that have been induced 
are emitted to the developer via a grid electrode. Thus, 
it is possible to restrict dispersion of the charging 
amount with respect to developer, so that it is possible 45 
to stabilize a surface potential of developer at a desired 
value. 

[0115] Further, the printing apparatus of the present 
invention includes: a latent image support body for sup- 
porting an electrostatic latent image formed in accord- so 
ance with an image signal; and the above-mentioned 
developing device for developing the electrostatic latent 
image. The printing apparatus of the present invention 
includes the above-mentioned developing device, so 
that it is possible to provide a highly reliable printing ap- ss 
paratus. 



[Embodiment 2] 

[0116] Another embodiment of the present invention 
is described based on drawings as follows. First, a sche- 
matic arrangement of a developing device according to 
Embodiment 2 is described with reference to FIG. 10. 
[0117] A developing device 100, as shown in FIG. 10, 
is provided opposite to a photoreceptor drum 2, and de- 
velops an electrostatic latent image formed on a surface 
of the photoreceptor drum 2 by using, for example, toner 
(developer) made of nonmagnetic 1 component system 
as developer. The developing device 1 00 includes: a de- 
veloper tank 1 1 1 , a kind of a container for storing toner; 
a supplying roller (developer supplying means) 112; a 
developing roller (developer support body) 113; and a 
toner restricting blade (layer thickness restricting blade) 
114. 

[0118] The supplying roller 112 is provided in the de- 
veloping device 100, and is in contact with the develop- 
ing roller 113 rotatably so that outer surfaces of them 
face each other, and supplies toner stored in the devel- 
oper tank 1 1 1 to the outer surface of the developing roll- 
er 113. 

[01 1 9] The developing roller 11 3 is provided in the de- 
veloping device 1 00 rotatably so as to be opposite to the 
photoreceptor drum (latent image support body) 2, and 
supports toner supplied from the supplying roller 112 so 
as to transport the supplied toner to the photoreceptor 
drum 2. 

[0120] The toner restricting blade 114 is provided on 
the downstream side with respect to the supplying roller 
1 1 2 in a rotating direction of the developing roller 1 1 3 so 
as to be in contact with the developing roller 113 on the 
upstream side with respect to the photoreceptor drum 
2, and restricts a layer thickness of a toner layer formed 
on the surface of the developing roller 113. 
[0121] The developing device 100 further includes: an 
electron emitting section 115 provided on a portion of 
the toner restricting blade 114 as toner charging means 
(developer charging means) for charging toner supplied 
to the photoreceptor drum 2 to a predetermined charg- 
ing amount; and an ultraviolet irradiater (light irradiating 
means) 1 1 6 for irradiating ultraviolet to the electron emit- 
ting section 115. The toner charging means will be de- 
tailed later. 

[01 22] Here, a schematic explanation is given as to a 
process section in an electrophotographic apparatus 
having the developing device 100. 
[0123] The process section, as shown in FIG. 10, in- 
cludes mainly: the photoreceptor drum 2; a charging roll- 
er 3; exposing means (not shown); the developing de- 
vice 100; a transcription discharging roller 4; cleaning 
means (not shown); electricity removal means (not 
shown); and a fixing roller 5. Further, in FIG. 10, Prefers 
to a recording paper, L refers to light beam which is ir- 
radiated from the exposing means so as to write an elec- 
trostatic latent image on a surface of the photoreceptor 
drum 2. 
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[0124] The photoreceptor drum 2 rotates in a prede- 
termined direction (A-direction shown in FIG. 10), and 
its outer surface is uniformly charged by the charging 
roller 3. The light beam L which is controlled according 
to image data by the exposing means is irradiated on s 
the uniformly charged surface of the photoreceptor 
drum 2, so that the electrostatic latent image is formed. 
[0125] The electrostatic latent image formed on the 
photoreceptor drum 2 moves to a position opposite to 
the developing device 100 in accordance with rotation n> 
of the photoreceptor drum 2, and receives toner from 
the developing device 1 00 so as to visualize the image 
(toner image is formed on the photoreceptor drum 2). At 
this time, the developing roller 1 1 3 of the developing de- 
vice 100 rotates in a predetermined direction (B-direc- 15 
tion shown in FIG. 1 0) so as to carry and transport toner 
supplied to the photoreceptor drum 2. 
[01 26] Note that, in Embodiment 2, the photoreceptor 
drum 2 is constituted of organic photosemiconductor, 
and is charged to -700V (charging amount brought 20 
about by the charging roller 3), and rotates in A-direction 
at a circumpherential speed of 50mm/s. The developing 
roller 113 is constituted of cylindrical conductive rubber 
elastic material, and a developing bias of -400V is ap- 
plied to the developing roller 113, and the developing 25 
roller 1 1 3 rotates at the same speed as the photorecep- 
tor drum 2 in B-direction. The supplying roller 112 is con- 
stituted of cylindrical foaming rubber elastic material, 
and rotates at the same speed as the photoreceptor 
drum 2 in B-direction. 30 
[0127] The transcription discharging roller 4 tran- 
scribes the toner image, formed on the photoreceptor 
drum 2 in accordance with developing, on a recording 
paper P. On the downstream side with respect to the 
transcription discharging roller 4 in a rotating direction 35 
of the photoreceptor drum 2, the cleaning means and 
the electricity removal means are provided, and the 
cleaning means removes toner remaining on the sur- 
face of the photoreceptor drum 2 after the transcription, 
and the electricity removal means removes electricity on 40 
the surface of the photoreceptor drum 2. 
[01 28] The recording paper on which the toner image 
has been transcribed is transported to the fixing roller 5, 
and the recording paper P is heated and pressed while 
passing between a pair of fixing rollers 5, so that the 
toner image is fixed on the recording paper P. 
[0129] Next, a detail process of developing performed 
in the developing device 100 is described. 
[0130] In the developing device 100, as described 
above, toner is supplied sequentially from the supplying so 
roller 1 1 2 to the surface of the developing roller 113, and 
the developing roller 113 rotates while carrying toner. 
Thus, toner transported by the developing roller 113 is 
guided to a portion between the developing roller 113 
and a contact area Ws of the toner restricting blade 114, 55 
and a layer thickness of toner on the developing roller 
113 is restricted. Note that, the contact area Ws is pro- 
vided on an end of the toner restricting blade 114. 



[0131] The toner, provided on the developing roller 

113, whose layer thickness has been restricted by the 
toner restricting blade 114 is charged by the electron 
emitting section 115 and the ultraviolet irradiater 116 
constituting the toner charging means, to such extent 
that developing can be performed. That is, the ultraviolet 
irradiater 116 irradiates ultraviolet to the electron emit- 
ting section 115 provided in the toner restricting blade 

114, so that photoelectrons are induced from the elec- 
tron emitting section 1 1 5 in accordance with photoeffect. 
The photoelectrons are emitted toward toner on the de- 
veloping roller 1 1 3, so that the toner is charged to a de- 
sired charging amount. Note that, it is preferable that 
light emission of the ultraviolet irradiater 116 is per- 
formed in synchronism with rotation of the developing 
roller 113, because unnecessary light emission which 
results in increase in power consumption can be restrict- 
ed. Further, although not shown in drawings, it is pref- 
erable that sealing is performed between the electron 
emitting section 115 and the ultraviolet irradiater 116 so 
as to prevent toner from entering a space therebetween 
and hindering the light irradiation. 

[0132] In the toner charging means having the fore- 
going arrangement, the electron emitting section 1 15 is 
provided at a position different from the contact area Ws 
on the toner restricting blade 114, and the electron emit- 
ting section 115 is not in contact with toner on the de- 
veloping roller 113, so that it is possible to charge the 
toner so that no load is given to the toner. Thus, in the 
developing device 100, the toner restricting blade 114 
is pressed to the developing roller 113 at least to such 
extent that a layer thickness of toner can be restricted, 
so that it is possible to largely reduce pressure and ther- 
mal load given by the toner restricting blade 1 1 4 to toner. 
[01 33] Since a formation area of the electron emitting 
section 1 1 5 is completely separated from the developing 
roller 113, surface roughness of the electron emitting 
section 115 does not influence formation of the toner lay- 
er, so that there is no restriction in designing the surface 
roughness of the electron emitting section 115. 
[01 34] The toner which has been charged to a prede- 
termined charging amount by the toner charging means 
is transported to a portion opposite to the photoreceptor 
drum 2 in accordance with rotation of the developing roll- 
er 1 1 3, and is electrostatically supplied to an electrostat- 
ic latent image on the surface of the photoreceptor drum 
2, so that the electrostatic latent image is developed 
(visualized) into a toner image. 

[0135] Next, a concrete arrangement of the toner re- 
stricting blade 114 is described with reference to FIG. 
11(a) and FIG. 11(b). 

[0136] In forming the toner restricting blade 114, for 
example, as a backing material, an SUS metal (that is, 
a conductive backing material) is used, and as shown 
in FIG. 11(a) and FIG. 11(b), plural openings 115A are 
provided in accordance with etching etc. on an area 
where the electron emitting section 115 are formed. Fur- 
ther, a thin film of aluminium is laminated as photoelec- 
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trie surface 1 1 5B on the area where the electron emitting 
section 115 is formed in accordance with, for example, 
deposition. 

[0137] Although the openings 115A are made up of 
many small circular holes in FIG. 11(a), shape of the 5 
opening 115A is not limited to this, but the shape of the 
opening 115A may be a square or a triangle, and may 
be formed in a slit manner. 

[0138] Further, material of which the photoelectric 
surface 1 1 5B is not limited to the above-mentioned afu- 10 
minium, but may be metal such as Ta, alloy such as Mg- 
Ag, semiconductor, conductive polymer etc. as long as 
it brings about photoeffect upon receiving light irradia- 
tion. Further, it is not necessary that the photoelectric 
surface 1155 is formed on both surfaces as shown in is 
FIG. 11(b), and it is required to form the photoelectric 
surface 1 1 5B on at least a surface opposite to the ultra- 
violet irradiater 116. 

[01 39] Light irradiated to the electron emitting section 
1 1 5 is not limited to the above-mentioned ultraviolet, but 20 
may be a visible ray or an X ray as long as the light has 
such a wavelength that can bring about photoeffect with 
respect to material of which the photoelectric surface 
115B is made. 

[0140] In the toner restricting blade 114 having the 25 
foregoing arrangement, when ultraviolet is irradiated to 
the photoelectric surface 115B of the electron emitting 
section 115, photoelectrons are induced on the photoe- 
lectric surface 1 1 5B in accordance with photoeffect. The 
photoelectrons are brought about mainly on the side to 30 
which ultraviolet is irradiated, that is, on a side opposite 
to the ultraviolet irradiater 116, and a part of the photo- 
electrons that have been brought about goes through 
opening 115A of the electron emitting section 115 and 
is irradiated from the side opposite to the developing roll- 35 
er 113 to the toner, and makes contribution in charging 
the toner. 

[0141] It is easily understood that: when the electron 
emitting section 115 is electrically under a float condi- 
tion, the photoelectric surface 1 1 5B of the electron emit- 40 
ting section 115 cannot continue to irradiate photoelec- 
trons. Thus, it is required to arrange the electron emitting 
section 11 5 so that as many electrons as electrons emit- 
ted from the photoelectric surface 1 1 5B can be supplied 
from the outside. Here, the electron emitting section 115 45 
is formed by depositing an aluminium thin film as the 
photoelectric surface 115B on a backing material of the 
toner restricting blade 114 which is constituted of SUS, 
so that it is possible to easily realize the foregoing ar- 
rangement by grounding the backing material of the ton- so 
er restricting blade 114. 

[0142] As described above, the developing device 
100 according to Embodiment 2 can largely reduce 
pressure of the toner restricting blade 114 compared 
with a developing device using a conventional friction 55 
charging method. Thus, pressure and thermal load giv- 
en to toner by the toner restricting blade are largely re- 
duced, so that it is possible to avoid such defect that 



toner is damaged or toner is fused and adheres to the 
toner restricting blade 114. 

[01 43] As described above, the developing device ac- 
cording to Embodiment 2, which is used in an electro- 
photographic apparatus to develop an electrostatic la- 
tent image on a latent image support body by developer 
that has been charged, includes: a developer support 
body for supporting the developer so as to transport the 
developer to the latent image support body; and devel- 
oper charging means for charging the developer, where- 
in the developer charging means is provided so as to be 
separated from the developer support body and is pro- 
vided with an electron emitting section which can emit 
electrons toward the developer which is to be charged, 
and the developer charging means charges the devel- 
oper by sprinkling the electrons, that have been emitted 
from the electron emitting section, over the developer. 
[0144] According to the foregoing arrangement, the 
developing device is arranged so that the developer 
charging means can charge the developer. In this case, 
it is not necessary that a layer thickness restricting 
blade, which restricts a layer thickness of developer pro- 
vided on the developer support body as a layer, has both 
functions: (a) a toner-layer-thickness restricting function 
and (b) a toner charging function as in a conventional 
developing device, but the layer thickness restricting 
blade can specialize in the toner- layer-thickness re- 
stricting function. 

[01 45] Further, the developer charging means is pro- 
vided so as to be separated from the developer support 
body and charges the developer by sprinkling the elec- 
trons, that have been emitted from the electron emitting 
section, over the developer. That is, the developer 
charging means can charge the developer so that no 
load is given to the developer. 

[0146] Thus, the developing device can largely re- 
duce pressure given by the layer thickness restricting 
blade to the developer support body compared with a 
conventional layer thickness restricting blade. Thus, 
load (mechanical and thermal load) given to the devel- 
oper is largely reduced, so that it is possible to avoid 
such defect that the developer is damaged or the devel- 
oper is fused and adheres to the layer thickness restrict- 
ing blade. 

[01 47] Further, it is preferable that the developi ng de- 
vice is arranged so that the electron emitting section is 
provided on the layer thickness restricting blade for re- 
stricting a layer thickness of the developer provided as 
a layer on the developer support body so as not to be 
positioned on the contact area where the layer thickness 
restricting blade is in contact with the developer support 
body. 

[0148] According to the foregoing arrangement, the 
electron emitting section is provided on a portion of the 
layer thickness restricting blade, so that it is not neces- 
sary that another new member is used to provide the 
electron emitting section. Thus, it is possible to reduce 
the number of members. 
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[01 49] Further, it is preferable that the developing de- 
vice is arranged so that the light irradiating means is pro- 
vided opposite to one side of the layer thickness restrict- 
ing blade, and the other side of the layer thickness re- 
stricting blade is opposite to the developer support body, s 
and the layer thickness restricting blade includes an 
opening on an area which serves as the electron emit- 
ting section, and the area which serves as the electron 
emitting section has a photoelectric film, which emits the 
electrons upon receiving the light irradiated from the io 
light irradiating means, at least on the one side opposite 
to the light irradiating means. 

[0150] According to the foregoing arrangement, the 
electrons brought about in the photoelectric film due to 
the light irradiated from the light irradiating means pass is 
through the opening and move toward the side of the 
developer support body, so that the developer which is 
provided on the developer support body as a layer is 
charged. Thus, the light irradiating means can be pro- 
vided opposite to one side of the layer thickness restrict- 20 
ing blade. The other side of the layer thickness restrict- 
ing blade is opposite to the developer support body, and 
it is possible to secure a space where the light irradiating 
means is to be provided beside the one side of the layer 
thickness restricting blade. As a result, it becomes eas- 25 
ier to design the developing device. 

[Embodiment 3] 

[01 51 ] Still another embodiment of the present inven- 30 
tion is described based on drawings as follows. 
[0152] In the developing device according to Embod- 
iment 2, the photoelectrons induced from the photoelec- 
tric surface 11 5B in accordance with the photoeffect go 
through the openings 1 1 5A of the electron emitting sec- 35 
tion 115 and are irradiated from the side opposite to the 
developing roller 1 1 3 to toner. However, in the foregoing 
arrangement, the photoelectrons brought about on the 
light irradiating side of the toner restricting blade 1 1 4 do 
not necessarily go through the openings 115A, so that 40 
photoelectrons which do not go through the openings 
115A do not make any contribution with respect to 
charging of toner. Thus, according to the toner charging 
means of the above-mentioned developing device 100, 
charging efficiency with respect to toner is not so high. 45 
[01 53] Embodiment 3 gives a description as to a pref- 
erable example where it is possible to improve the 
charging efficiency with respect to toner in a developing 
device. 

[0154] In a developing device 100' according to Em- so 
bodiment 3, as shown in FIG. 12, is different from the 
developing device 1 00 in that a toner restricting blade 
114' is used instead of the toner restricting blade 114, 
and an electric bias is applied between the toner restrict- 
ing blade 114' and the developing roller 113. Thus, the 55 
toner restricting blade 1 14' is connected to a bias apply- 
ing means 119. The bias applying means 119 can be 
connected to a backing material of the toner restricting 



blade 1 1 4'. Further, it is possible to use the bias applying 
means, which applies a developing bias between the 
photoreceptor drum 2 and the developing roller 113, as 
a bias applying means 1 20 on the side of the developing 
roller 1 1 3. Except for the foregoing arrangement, the de- 
veloping device 100* has the same arrangement as the 
developing device 1 00. 

[0155] With reference to FIG. 13(a) and FIG. 13(b), a 
concrete arrangement of the toner restricting blade 1 1 4* 
is described. 

[01 56] Although the arrangement of the toner restrict- 
ing blade 11 4' is substantially similar to that of the toner 
restricting blade 114, as shown in FIG. 13(b), the toner 
restricting blade 114' is different from the toner restrict- 
ing blade 114 in that an insulating layer 117 and a me- 
tallic layer 118 are provided on the contact area Ws 
which is in contact with the developing roller 113. Note 
that, the electron emitting section 1 1 5 formed on the ton- 
er restricting blade 114' is arranged as in the toner re- 
stricting blade 114. 

[0157] In the developing device 1 00', an electric bias 
is applied between the toner restricting blade 114' and 
the developing roller 113. Thus, when a conductive 
backing material of the toner restricting blade 114 is di- 
rectly in contact with the developing roller 113 like the 
developing device 1 00, conduction is made between the 
toner restricting blade 114 and the developing roller 113, 
so that the above-mentioned electric bias cannot be ap- 
plied. 

[01 58] That is, the insulating layer 1 1 7 is provided so 
as to perform insulation between the developing roller 
113 and the toner restricting blade 114", and, for exam- 
ple, is formed on the foregoing backing material as a 
fluororesin layer having a 80u,m thickness. 
[0159] Further, the metallic layer 118 has suitable 
hardness and surface roughness on its contact surface 
which is in contact with the developing roller 1 1 3 so that 
uniformed toner layer can be formed on a surface of the 
developing roller 113. As the metallic layer 118, for ex- 
ample, a metallic layer of SUS having a 20\xxn thickness 
is laminated. 

[0160] Note that, an arrangement in which insulation 
is performed between the developing roller and the ton- 
er restricting blade is not limited to the foregoing ar- 
rangement in which the insulating layer is provided on 
the side of the toner restricting blade, but may be an 
arrangement in which an insulating layer such as rubber 
is provided on an outer layer of the developing roller con- 
stituted of conductive backing material. 
[0161] In the developing device 1 00' of the foregoing 
arrangement, by applying an electric bias between the 
toner restricting blade 114' and the developing roller 
113, it is possible to improve the charging effect in ac- 
cordance with the following two actions. 
[01 62] First, as the first action, by applying the electric 
bias, there occurs an electric field between the toner re- 
stricting blade 114' and the developing roller 113. At this 
time, there occurs a line of electric force (shown by the 
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broken line in FIG. 1 4) as shown in FIG. 1 4 in the vicinity 
of the openings 1 1 5A of the electron emitting section 1 1 5 
provided on the toner restricting blade 114'. 
[0163] Thus, in the photoelectric surface 115B of the 
electron emitting section 115, photoelectrons which 5 
have occurred in the vicinity of the openings 1 1 5A move 
along the line of electric force, and are attracted to the 
side of the developing roller 113 through the openings 
115A. That is, the photoelectrons which have occurred 
can be efficiently used to charge toner. 10 
[0164] Next, as the second action, the photoelectrons 
attracted to the side of the developing roller 113 are ac- 
celerated in accordance with the action of the electric 
field. When the accelerated photoelectrons collide with 
gaseous molecules, the gaseous molecules emit elec- is 
trons so as to be made ion. At this time, the electrons 
emitted from the gaseous molecules act as in the accel- 
erated electrons, so that electrons in air are greatly in- 
creased, that is, electron avalanche occurs. Since elec- 
trons brought about by the electron avalanche also con- 20 
tribute to charging of toner, the charging efficiency is 
largely improved. 

[0165] Here, an electric bias between the developing 
roller 113 and the toner restricting blade 114' is applied 
so that the electric filed strength is in a range of 0.5 to 25 
2.5 x 10 6 (V/m). 

[0166] FIG. 15 shows a relationship between the elec- 
tric field strength and a process speed in the case where 
the desired charging amount (-2.0 x 10' 2 u,C/kg) can be 
obtained. It is obvious from FIG. 15 that by raising the 30 
electric field strength of the electric bias, the process 
speed at which the desired charging amount can be ob- 
tained is improved, and in a case where an electric bias 
in the foregoing range is applied, toner can be charged 
to such extent that the process speed is 50 to 200mm/s. 35 
[0167] FIG. 16 shows a relationship between pres- 
sure of the toner restricting blade and a charging char- 
acteristic of toner in the arrangement of the developing 
device according to Embodiment 3. A patterning condi- 
tion of the openings 1 1 5A of the electron emitting section 40 

115 is that aperture ratio is 40% and a hole diameter of 
the opening 115A is (|>200nm. The ultraviolet irradiater 

116 irradiates ultraviolet having a 254nm wavelength. 
Note that, the aperture ratio is ratio of area occupied by 
the openings 115A with respect to an area where the 45 
electron emitting section 1 1 5 is formed. Further, an elec- 
tric bias of 5 x lO-SV/m is applied between the devel- 
oping roller 113 and the toner restricting blade 114'. 
[0168] FIG. 16 shows that pressure of about 196kPa 

is required to obtain the desired charging amount in a so 
friction charging method of the prior art. On the other 
hand, according to the friction charging method of the 
present invention, the desired charging amount can be 
obtained by a quarter of pressure required in the friction 
charging method of the prior art, that is, by pressure of 55 
about 49kPa. 

[01 69] As described above, the developing device ac- 
cording to Embodiment 3 is arranged so that the layer 



thickness restricting blade is insulated against the de- 
veloper support body, and the developer charging 
means includes bias applying means for applying an 
electric bias between the layer thickness restricting 
blade and the developer support body. 
[0170] According to the foregoing arrangement, pho- 
toelectrons which have been emitted from the photoe- 
lectric film are attracted to the side of the developer sup- 
port body. Further, the attracted electrons are acceler- 
ated by the bias so as to bring about electric avalanche, 
so that this can amplitude electrons which make contri- 
bution in charging the developer. Thus, it is possible to 
charge the developer with great efficiency. 

[Embodiment 4] 

[01 71 ] Still another embodiment of the present inven- 
tion is described based on drawings as follows. 
[01 72] According to Embodiments 2 and 3, in the elec- 
tron emitting section 115 of the toner restricting blade 
114 or the toner restricting blade 114\ a shape of the 
opening 115A at a cross section of the blade (see FIG. 
11(b)) is a rectangular. That is, as to the opening 115A 
of the electron emitting section 115 of Embodiments 2 
and 3, an opening area on a light irradiating side is equal 
to an opening area on a side opposite to the developing 
roller 113. 

[01 73] On the other side, as to a toner restricting blade 
according to Embodiment 4, a shape of an opening in 
the electron emitting section is arranged so that an 
opening area on the light irradiating side is made larger 
than an opening area on the side opposite to the devel- 
oping roller 11 3, so that a light receiving area of the elec- 
tron emitting section 115 is increased, thus it is possible 
to increase the number of the occurring electrons. 
[0174] FIG. 1 7(a) and FIG. 1 7(b) show an example of 
the toner restricting blade in Embodiment 4. 
[0175] In a toner restricting blade 121 shown in FIG. 
17(a) and FIG. 17(b), for example, as a backing mate- 
rial, a metal of SUS (that is, conductive backing material) 
is used, and an electron emitting section 122 is formed 
on a part of the metal. In the electron emitting section 
122, plural openings 122A are provided, and a thin film 
of aluminium is laminated as a photoelectric surface 
122B in accordance with, for example, deposition. 
[0176] Here, the opening 122A has a bowl-shape so 
that a relationship between an opening diameter $1 on 
the light irradiating side and an opening diameter $2 on 
the side opposite to the developing roller 1 1 3 is <J>1 > <J>2. 
Note that, it is possible to form the openings 122A hav- 
ing the foregoing shape in the toner restricting blade 1 21 
easily in accordance with, for example, one-side etching 
(note that, it is possible to form straight holes as shown 
in FIG. 11(a) and FIG. 11(b) in accordance with both- 
sides etching). Further, the photoelectric surface 122B 
are formed at least on the light irradiating side and on 
the inside of the openings 122A in the electron emitting 
section 122. 
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[01 77] In the case where the electron emitting section 
122 has the bowl-shape, light irradiated to the electron 
emitting section 1 22 is received by the photoelectric sur- 
face 122B and the inside of the openings 122A. Thus, 
the light receiving area of the electron emitting section 5 
1 22B can be increased, so that it is possible to increase 
the number of the occurring electrons so as to stabilize 
the charging of toner. 

[01 78] However, as long as the openings 1 22A satisfy 
the condition: (opening area of the light irradiating side) 10 
> (opening area on the side opposite to the developing 
roller 113), its shape is not particularly limited as in the 
case of the electron emitting section 115 of Embodi- 
ments 2 and 3. 

[0179] The toner restricting blade 121 may be ar- *5 
ranged so that, like the developing device 1 00 according 
to Embodiment 2, the electric bias is not applied be- 
tween the toner restricting blade 121 and the developing 
roller 113. However, it is preferable to arrange the toner 
restricting blade 121 so that an insulating layer is pro- 20 
vided on the contact area Ws which is in contact with 
the developing roller 113 and an electric bias is applied 
between the toner restricting blade 121 and the devel- 
oping roller 1 1 3 as in the developing device 1 00' accord- 
ing to Embodiment 3. 25 
[0180] As described above, in the developing device 
according to Embodiment 4, the opening has a slope so 
that (opening area on a light irradiating side) > (opening 
area on a side where the electrons are emitted), and the 
electron emitting section has the photoelectric film at 30 
least on the one side opposite to the light irradiating 
means and on an inner portion of the opening. 
[01 81 ] According to the foregoing arrangement, in the 
area which serves as the electron emitting section, a 
photoelectric film, which is formed on the inner portion 35 
of the opening as welt as the photoelectric film formed 
on the one side opposite to the light irradiating means, 
receives the light irradiated from the light irradiating 
means so as to emit photoelectrons. Thus, the utility ef- 
ficiency of the irradiated light can be Improved. *o 

[Embodiment 5] 

[01 82] Still another embodiment of the present inven- 
tion is described based on drawings as follows. 45 
[01 83] A developing device according to Embodiment 
5 is arranged so that a toner restricting blade 123 as 
shown in FIG. 18(a) and FIG. 18(b) is used instead of 
the toner restricting blades 114, 114', and 121 described 
in Embodiments 2 to 4. so 
[0184] The toner restricting blade 1 23 is arranged so 
that, as shown in FIG. 18(a) and FIG. 18(b), a transpar- 
ent backing material such as glass, fused quartz, and 
acrylate resin is used, and a metallic thin film is formed 
as an electron emitting section 124 on the transparent 55 
backing material's surface opposite to the developing 
roller 113. Of course, material of which the electron emit- 
ting section 124 is made is not limited as long as pho- 
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toeffect is brought about upon receiving light irradiation, 
so that the material may be, for example, metal such as 
Al orTa, alloy such as Mg-Ag, semiconductor, and con- 
ductive polymer. 

[01 85] In the toner restricting blade 1 23, light irradiat- 
ed to the toner restricting blade 123 is irradiated from 
the transparent baking material, and passes through the 
transparent baking material so as to arrive at the elec- 
tron emitting section 124. 

[01 86] Here, unlike the electron emitting sections 1 1 5 
and 1 22 of the toner restricting blades 1 1 4 and 1 21 , the 
electron emitting section 1 24 does not include the open- 
ings 115A and 122A. That is, the electron emitting sec- 
tion 1 24 is constituted of only the metallic thin film which 
acts as a photoelectric surface. 

[0187] In this case, in order to emit photoelectrons, 
which have occurred in accordance with photoeffect 
brought about by light irradiated from the transparent 
backing material, to the side opposite to the developing 
roller 1 13, a path through which the photoelectrons pass 
is required in the metallic thin film constituting the elec- 
tron emitting section 124. Here, in the electron emitting 
section 124, metallic material is not necessarily made 
into a uniformed film having no cavity, but the electron 
emitting section 124 has many cavities therein. Thus, in 
the electron emitting section 124, it is possible to emit 
the photoelectrons which have occurred through the 
cavities to the side opposite to the developing roller 113. 
[0188] However, as to the electron emitting section 
124, even when the foregoing cavities occur in the me- 
tallic thin film, in a case where a film thickness of the 
metallic thin film is too large, the cavities less form the 
path through which photoelectrons pass to the side op- 
posite to the developing roller 1 1 3. Thus, in the arrange- 
ment of the toner restricting blade 1 23 according to Em- 
bodiment 5, it is required to appropriately set the film 
thickness of the metallic thin film constituting the elec- 
tron emitting section 124. 

[0189] Here, FIG. 19 shows a relationship between 
the film thickness of the metallic thin film and density of 
an emission current in the electron emitting section 1 24. 
However, the film thickness of the metallic thin film 
closely relates to light transmittance of the metallic thin 
film (transmittance rises as the film thickness is re- 
duced), and an axis of abscissas shown in FIG. 19 refers 
to the transmittance as a parameter which indicates the 
film thickness. Further, FIG. 19 shows the case where 
an electric bias is applied between the toner restricting 
blade 123 and the developing roller 113. 
[0190] This shows that, in the electron emitting sec- 
tion 124, the density of the emission current is largely 
increased so that the transmittance of the metallic thin 
film is within 40 to 70%. The cause of this is that: when 
the transmittance is more than 70%, the film thickness 
of the electron emitting section 1 24 is too large, so that 
the photoelectrons which have been brought about are 
hard to be emitted to the side opposite to the developing 
roller 113. Further, when the transmittance is less than 
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40%, the continuity in an inside direction of the metallic 
thin film is lost in the electron emitting section 124, and 
an electric bias is not applied to a whole area of the elec- 
tron emitting section 124, so that electron avalanche 
does not act sufficiently. s 
[0191] That is, in the developing device, it is prefera- 
ble that a photoelectric film of the electron emitting sec- 
tion 124 is formed so that its light transmittance is not 
less than 40% and not more than 70%. According to the 
foregoing arrangement, the light transmittance of the 10 
photoelectric film is adjusted most suitably, so that it is 
possible to obtain high charging efficiency. 
[01 92] Note that, like the developing device according 
to Embodiment 2, the toner restricting blade 1 23 accord- 
ing to Embodiment 5 may be arranged so that an electric *s 
bias is not applied between the toner restricting blade 

1 23 and the developing roller 1 1 3. However, like the de- 
veloping device 100* according to Embodiment 3, it is 
preferable to make an arrangement in which an insulat- 
ing layer is provided on the contact area Ws which is in 20 
contact with the developing roller 1 1 3 so as to an electric 
bias is applied between the toner restricting blade 1 23 
and the developing roller 113. 

[0193] In the case where an electric bias is applied 
between the toner restricting blade 123 and the devel- 25 
oping roller 113, since a backing material of the toner 
restricting blade 123 is not conductive, bias applying 
means 119 (see FIG. 12) for applying the electric bias 
is connected to the electron emitting section 124. Fur- 
ther, even when it is arranged so that an electric bias is 30 
not applied between the toner restricting blade 123 and 
the developing roller 113, the electron emitting section 

124 is directly connected to a grounding terminal. 
[0194] Alternately, it may be arranged as follows. A 
transparent conductive layer made of, for example, ITO 35 
(Indium Tin Oxide) on a lower layer of the electron emit- 
ting section 124, so that a bias is applied to the electron 
emitting section 124 via the transparent conductive lay- 
er, and the electron emitting section 124 is grounded. 
[0195] Note that, also in the metallic thin film 32 of Em- 40 
bodiment 1 , the charging efficiency is improved by suit- 
ably setting the transmittance of the metallic thin film 
which serves as the electron emitting section. 

[0196] As described above, in the developing device 
according to Embodiment 5, the light irradiating means 45 
is provided opposite to one side of the layer thickness 
restricting blade, and the other side of the layer thick- 
ness restricting blade is in contact with the developer 
support body, and the layer thickness restricting blade 
includes a photoelectric film, which emits electrons upon so 
receiving the light irradiated from the light irradiating 
means, on an area which serves as the electron emitting 
section made of a backing material having light trans- 
mittance, and the area is the other side opposite to the 
developer support body. ss 
[0197] According to the foregoing arrangement, the 
light irradiated from the light irradiating means passes 
through a baking material having light transmittance and 



reaches the photoelectric film, and photoelectrons 
brought about by photoeffect are emitted toward the 
side of the developer support body, so that the develop- 
er provided on the developer support body as a layer is 
charged. Thus, the light irradiating means can be pro- 
vided opposite to one side of the layer thickness restrict- 
ing blade. The other side of the layer thickness restrict- 
ing blade is opposite to the developer support body, and 
it is possible to secure a space where the light irradiating 
means is to be provided beside the one side of the layer 
thickness restricting blade. As a result, it becomes eas- 
ier to design the developing device. 

[Embodiment 6] 

[01 98] Still another embodiment of the present inven- 
tion is described based on drawings as follows. 
[0199] The developing device according to Embodi- 
ments 2 to 5 is arranged so that the electron emitting 
section of the toner charging means is provided on a 
part of the toner restricting blade. According to the ar- 
rangement, it is not required to newly provide a member 
for forming a photoelectric film on the electron emitting 
section, so that it is possible to realize miniaturization of 
the developing device and low cost. 
[0200] While, in the developing device, toner which is 
charged by the toner charging means is toner whose 
layer thickness has been restricted on the developing 
roller 113. Thus, in a toner layer formed on the develop- 
ing roller 1 1 3, toner on an outer side receives many elec- 
trons emitted from the tonercharging means, so that the 
charging amount is increased, but the charging amount 
of toner on an inner side is reduced. That is, uniformity 
of the ultimate toner charging is lowered. 
[0201] On the other hand, a developing device ac- 
cording to Embodiment 6 has an arrangement which is 
suitable to heighten the uniformity of the toner charging 
by making a difference in a position of the toner charging 
means from the developing device according to Embod- 
iments 2 to 5. 

[0202] The developing device according to Embodi- 
ment 6, as shown in FIG. 20, is provided opposite to the 
photoreceptor drum 2, and an electrostatic latent image 
formed on a surface of the photoreceptor drum 2 is de- 
veloped by using toner made of, for example, nonmag- 
netic of 1 component system as developer. The devel- 
oping device 130 includes a hopper 131, a developer 
tank 132, and a charging tank 133. 
[0203] The hopper 131 is a tank positioned most up- 
stream in the developing device 130, and stores un- 
charged toner. 

[0204] The developer tank 1 32 is a tank which stores 
toner supplied to the photoreceptor drum 2, and in- 
cludes a supplying roller 134, a developing roller 135, 
and a toner restricting blade 136. 
[0205] The supplying roller 134 and the developing 
roller 135 are provided rotatably and adjacently so that 
outer surfaces of them are in contact with each other. 
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Further, the supplying roller 134 supplies toner in the 
developer tank 132 to the outer surface of the develop- 
ing roller 135, and the developing roller 135 carries and 
transports the toner supplied from the supplying roller 
1 34 toward the photoreceptor drum 2. The toner restrict- 
ing blade 1 36 is provided on the downstream side of the 
supplying roller 134 with respect to a rotating direction 
of the developing roller 135 so as to be in contact with 
the developing roller 1 35 on the upstream side of the 
photoreceptor drum 2, and restricts a layer thickness of 
a toner layer formed on the surface of the developing 
roller 1 35. 

[0206] The charging tank 133 is provided on the 
downstream side of the hopper 131 , on the upstream 
side of the developer tank 132, and is to charge toner 
replenished from the hopper 131 toward the developer 
tank 1 32. That is, in a case where it is detected that toner 
runs out, the hopper 131 rotates the toner replenishing 
roller 137 so as to replenish toner toward the developer 
tank 1 32. At this time, toner replenished from the hopper 
131 to the developing tank 132 passes through the 
charging tank 133 without fail, and is charged by the 
charging tank 133. 

[0207] Thus, the charging tank 133 has toner charg- 
ing means constituted of (a) a toner charging roller 
(charging member) 138 for receiving light irradiation so 
as to induce its electrons, and (b) a cold cathode glass 
lamp 139 for irradiating ultraviolet to the toner charging 
roller 138. A process section of the toner charging 
means will be detailed later. 

[0208] Here, a schematic description is given as to a 
process section of an electrophotographic apparatus 
having the developing device 130. 
[0209] The process section, as shown in FIG. 20, 
mainly includes: the photoreceptor drum 2; the charging 
roller 3; the exposing means (not shown) ; the develop- 
ing device 1 30; the transcription discharging roller 4; the 
cleaning means (not shown); the electricity removing 
means (not shown); and the fixing roller 5. Further, in 
FIG. 20, P refers to a recording paper, L refers to light 
beam which is irradiated from the exposing means so 
as to write an electrostatic latent image on a surface of 
the photoreceptor drum 2. Since operations of the proc- 
ess section is basically the same as operations de- 
scribed in Embodiment 2, detail descriptions are omitted 
here. 

[0210] Next, how images are developed in the devel- 
oping device 130 is detailed. 

[021 1 ] In the case where it is detected that toner runs 
out in the developing tank 132, the toner replenishing 
roller 137 provided in the hopper 131 rotates, so that 
uncharged toner is sent from the hopper 131 into the 
charging tank 1 33. As the toner replenishing roller 1 37, 
for example, a foaming urethane roller is used. 
[0212] In the charging tank 133, the toner charging 
roller 1 38 and the cold cathode glass lamp 1 39 that con- 
stitute the toner charging means charge toner, and the 
toner is charged to such extent that images can be de- 
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veloped. That is, the cold cathode glass lamp 139 irra- 
diates light to the electron emitting section formed on 
the toner charging roller 138, so that the electron emit- 
ting section induces photoelectrons in accordance with 

5 photoeffect. The photoelectrons are emitted to toner 
which passes through the charging tank 133, and the 
toner is charged to a desired charging amount. Note 
that, it is preferable that the cold cathode glass lamp 1 39 
emits light in synchronism with the rotation of the toner 

10 replenishing roller 137 because emission of unneces- 
sary light which increases power consumption can be 
restricted. 

[0213] In the charging tank 133 having the foregoing 
arrangement, the toner charging means which is consti- 

15 tuted of the toner charging roller 1 38 and the cold cath- 
ode glass lamp 139 emits electrons brought about by 
photoeffect to the toner which passes through the charg- 
ing tank 1 33, so that the electrons are sprinkled over the 
toner. This causes the toner to be charged. Thus, it is 

20 possible to charge toner, passing through the charging 
tank 1 33, which is not in contact with the toner charging 
means. That is, it is possible to charge toner without giv- 
ing any load to the toner. 

[0214] Further, since the toner charging means is 

25 completely separated from the developing roller 113, 
surface roughness of the electron emitting section pro- 
vided on the toner charging means does not influence 
a layer on which toner is formed. Thus, the toner charg- 
ing means can charge toner without giving any load to 

30 the toner, and no restriction is given in designing the sur- 
face roughness of the electron emitting section. 
[0215] Toner which is charged by the toner charging 
means of the charging tank 133 to a predetermined 
charging amount is sent to the developer tank 132. In 

35 the developer tank 132, as described above, the sup- 
plying roller 1 34 supplies toner sequentially to a surface 
of the developing roller 135, and the developing roller 
135 rotates while carrying the toner. Thus, the toner 
transported by the developing roller 135 is guided to a 

40 space between the developing roller 135 and the con- 
tact area of the toner restricting blade 1 36, so that a layer 
thickness of the toner is restricted on the developing roll- 
er 135. 

[0216] In this case, since the toner guided to a space 
45 between the developing roller 1 35 and the contact area 
of the toner restricting blade 136 has been charged in 
the charging tank 133, the toner restricting blade 136 is 
pressed to the developing roller 135 at least to such ex- 
tent that the layer thickness of the toner can be restrict - 
50 ed. Thus, it is possible to largely reduce pressure and 
thermal load given by the toner restricting blade 35 to 
the toner. 

[021 7] The toner formed on the developing roller 1 35 
is sent to a portion opposite to the photoreceptor drum 
55 2 in accordance with the rotation of the developing roller 
135, and is electrostatically supplied to an electrostatic 
latent image formed on the surface of the photoreceptor 
drum 2, so that the electrostatic latent image is devel- 
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oped (visualized) as a toner image. 
[0218] Next, a concrete arrangement of the toner 
charging means provided in the charging tank 1 33 is de- 
scribed with reference to FIG. 21 (a) to FIG. 21 (c). 
[0219] The toner charging means, as shown in FIG. 5 
21(a), is provided in the charging tank 133, and is ar- 
ranged so that the cold cathode glass lamp 139 is pro- 
vided in the toner charging roller 1 38 having a cylindrical 
shape. Note that, the shape of the toner charging roller 
is not limited to a cylindrical shape, but may be a square 10 
cylinder etc. 

[0220] In the toner charging roller 138, as a backing 
material, for example, a metallic cylinder of SUS (that 
is, conductive backing material) is used. At an area 
where the electron emitting section is formed, as shown is 
in FIG. 21(b) and FIG. 21(c), plural openings 138A are 
formed in accordance with etching etc. Further, at an 
area where the electron emitting section is formed, a thin 
film of aluminium is laminated as a photoelectric surface 
138B in accordance with, for example, deposition. 20 
[0221] Note that, in Embodiment 6, descriptions are 
given on the supposition that the electron emitting sec- 
tion is formed on a whole outer surface of the toner 
charging roller 138, but the electron emitting section 
may be formed on a portion of the outer surface. For 25 
example, in a case where the electron emitting section 
is combined to a bias applying means as described in 
Embodiment 8, the electron emitting section may be 
formed only on an area where the bias is applied (area 
opposite to an electrode plate). 30 
[0222] According to FIG. 21(b), the openings 138 A 
are made up of many small circular holes, but the shape 
of the openings 138A is not particularly limited in the 
present invention; the shape of the openings 138A may 
be a square or a triangle, or the openings 1 38A may be 35 
formed in a slit manner. 

[0223] Further, material of which the photoelectric 
surface 1 38B is made is not limited to the above-men- 
tioned aluminium, but may be metal such as Ta, alloy 
such as Mg-Ag, semiconductor, and conductive polymer 40 
as long as photoeffect is brought about upon receiving 
light irradiation. It is not necessary that the photoelectric 
surface 138B is formed on both sides of the toner charg- 
ing roller 1 38 as shown in FIG. 21 (c), but the photoelec- 
tric surface 138B is formed at least on a side opposite 45 
to the cold cathode glass lamp 139 (that is, on the side 
of an inner surface of the toner charging roller 138). 
[0224] As light which is irradiated to the electron emit- 
ting section of the toner charging roller 1 38, a visible ray, 
ultraviolet, or an X ray can be used as long as the light so 
has such a wavelength that can bring about photoeffect 
with respect to material of which the photoelectric sur- 
face 138B is made. 

[0225] In a case where toner is charged by the toner 
charging means of the foregoing arrangement, the cold 55 
cathode glass lamp 139 emits light, so that the light is 
emitted from the inside of the toner charging roller 138 
to the electron emitting section formed on the toner 



charging roller 138. Thus, photoelectrons brought about 
in accordance with photoeffect are induced in the elec- 
tron emitting section of the toner charging roller 138. A 
part of the photoelectrons brought about in this manner 
passes through the openings 1 38A of the electron emit- 
ting section so as to be irradiated from the outer surface 
of the toner charging roller 138. This contributes to 
charging of toner. 

[0226] Further, it is easily understood that: when the 
electron emitting section is electrically under a float con- 
dition, the photoelectric surface 138B of the electron 
emitting section cannot continue to irradiate photoelec- 
trons. Thus, it is required to arrange the electron emitting 
section so that as many electrons as electrons emitted 
from the photoelectric surface 138B can be supplied 
from the outside. Here, the electron emitting section is 
formed by depositing an aluminium thin film as the pho- 
toelectric surface 1 38B on a backing material of the ton- 
er charging roller 138 which is constituted of SUS, so 
that it is possible to easily realize the foregoing arrange- 
ment by grounding the backing material of the toner 
charging roller 138. 

[0227] In the developing device 130 according to Em- 
bodiment 6, a relationship between pressure of the toner 
restricting blade 135 and a charging characteristic of 
toner is substantially similar to the relationship shown in 
FIG. 1 6 of Embodiment 3. In this case, a patterning con- 
dition of the openings 1 38A of the electron emitting sec- 
tion is that aperture ratio is 40% and a hole shape of the 
opening 138A is <J>200u.m. The cold cathode glass lamp 
139 irradiates ultraviolet having a 254nm wavelength. 
However, in this case, an electric bias of 5 x 1 0'^/m is 
applied between the toner charging roller 138 and the 
electrode plate 42 (see FIG. 15) in accordance with Em- 
bodiment 8 described later. 

[0228] FIG. 1 6 shows that pressure of about 1 96kPa 
is required to obtain the desired charging amount in a 
friction charging method of the prior art. On the other 
hand, according to the friction charging method of the 
present invention, the desired charging amount can be 
obtained by a quarter of pressure required in the friction 
charging method of the prior art, that is, by pressure of 
about 49kPa. 

[0229] As described above, the developing device 
130 according to Embodiment 6 can largely reduce 
pressure of the toner restricting blade 136 compared 
with a developing device using a conventional friction 
charging method. Thus, pressure and thermal load giv- 
en to toner by the toner restricting blade 1 36 are largely 
reduced, so that it is possible to avoid such defect that 
toner is damaged or toner is fused and adheres to the 
toner restricting blade 136. 

[0230] Note that, in the developing device 130, the 
toner charging means is provided in the charging tank 
1 33 provided between the hopper 1 31 and the develop- 
er tank 132, but a position where the toner charging 
means is provided is not limited to this. That is, as long 
as the toner charging means can charge toner whose 
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layer has not been formed on the developing roller 135, 
the toner charging means may be arbitrary provided on 
any position in the developing device 130. Concretely, 
as long as the toner charging means is provided on the 
upstream side with respect to the supplying roller 134, 5 
it is possible to charge toner whose layer has not been 
formed on the developing roller 135. 
[0231] If toner charged by the toner charging means 
has not form a toner layer on the developing roller 135, 
the toner is stirred while forming the toner layer, so that 10 
the charging amount of the toner is uniformed on the 
developing roller 135. 

[0232] Further, in the developing device according to 
Embodiment 6, the toner charging means is provided in 
the charging tank 1 33 provided between the hopper 1 31 is 
and the developer tank 132. According to the arrange- 
ment, toner which falls down while floating in the devel- 
oping device is charged. 

[0233] In this case, since the toner charged by the ton- 
er charging means is under a comparatively scattered 20 
condition (density is low), the toner charging means can 
charge the falling toner uniformly, so that the ultimate 
uniformity of the charging amount of toner is improved. 
[0234] As described above, in the developing device 
according to Embodiment 6, the developer charging 25 
means charges the developer, which has not been pro- 
vided as a layer on the developer support body, under 
a condition that the developer is less coagulated in the 
developing device. 

[0235] According to the foregoing arrangement, the 30 
developer charging means charges developer under a 
condition that the developer is less coagulated in the 
developing device, so that it becomes easier for elec- 
trons to adhere to particles of the developer. Thus, it is 
possible to improve the uniformity in charging the devel- 35 
oper. 

[0236] Alternately, the developing device can be re- 
garded have the following arrangement: the developer 
charging means is provided on the upstream side with 
respect to the developer supplying means for supplying 40 
the developer to a surface of the developer support 
body. 

[0237] According to the foregoing arrangement, the 
developer charging means charges the developer on 
the upstream side with respect to the developer supply- 45 
ing means, so that the charged developer is stirred by 
actions of the developer supplying means, the develop- 
er support body, and the layerthickness restricting blade 
which are provided on the downstream side with respect 
to the developer charging means. Thus, it is possible to 50 
improve the ultimate uniformity in charging the develop- 
er. 

[0238] Further, the developing device includes (a) a 
hopper for storing the developer that has not been 
charged, and (b) a developer tank, provided on a down- 55 
stream side with respect to the hopper, which receives 
the developer supplied from the hopper, and the devel- 
oper charging means, provided between the hopper and 



the developer tank, which charges the developer falling 
from the hopper so as to be supplied to the developer 
tank. 

[0239] According to the foregoing arrangement, the 
developer charging means charges the developer which 
falls from the hopper so as to be supplied to the devel- 
oper tank. Thus, the developer which is to be charged 
is less coagulated, so that it is easier for electrons to 
adhere to particles of the developer. As a result, it is pos- 
sible to improve the uniformity in charging the developer 
Further, the charged developer is stirred by actions of 
the developer supplying means, the developer support 
body, and the layerthickness restricting blade. Thus, it 
is possible to improve the ultimate uniformity in charging 
the developer. 

[0240] Further, it is preferable that the developing de- 
vice is arranged so that he developer charging means 
includes: a charging member of a cylindrical shape 
which has an area where the electron emitting section 
is provided; and the light irradiating means, provided in 
the charging member, which can irradiate light in alt di- 
rections. 

[0241] According to the foregoing arrangement, the 
light irradiated from the light irradiating means can be 
irradiated to the electron emitting section which is widely 
provided on the charging member, so that it is possible 
to improve the utility efficiency of the irradiated light. 
[0242] Further, the developing device can be ar- 
ranged so that the charging member has an opening on 
an area which serves as the electron emitting section, 
and a photoelectric film, which emits the electrons upon 
receiving the light irradiated from the light irradiating 
means, is provided at least on an inner surface of the 
charging member, the inner surface being a portion of 
the area which serves as the electron emitting section. 
[0243] According to the foregoing arrangement, the 
electrons, which have been brought about in the photo- 
electric film by the light irradiated from the light irradiat- 
ing means, pass through the opening so as to be emitted 
from an outer surface of the charging member. Thus, it 
is possible to charge the developer which passes out- 
side the charging member. 

[0244] Further, in the developing device, the develop- 
er charging means can be arranged so that a photoe- 
lectric film, which emits electrons upon receiving the 
light irradiated from the light irradiating means, is pro- 
vided on an outer surface of the light irradiating means 
which can irradiate light in all directions. 
[0245] According to the foregoing arrangement, the 
light irradiated from the light irradiating means directly 
reaches the photoelectric film, and photoelectrons 
which have been brought about are emitted from the 
outer surface of the charging member. Thus, it is possi- 
ble to charge the developer which passes outside the 
charging member. Further, the photoelectric film is pro- 
vided on the outer surface of the light irradiating means, 
so that it is possible to reduce the number of members 
in the developer charging means. 
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[Embodiment 7] 

[0246] Still another embodiment of the present inven- 
tion is described based on drawings as follows. 
[0247] A developing device according to Embodiment s 
7 is arranged so that a toner charging roller 140 as 
shown in FIG. 22(a) to FIG. 22(c) is used instead of the 
toner charging roller 138 described in Embodiment 6. 
That is, the toner charging means, as shown in FIG. 22 
(a), is arranged so that the cold cathode glass lamp 1 39 10 
is provided in a toner charging roller 1 40 having a cylin- 
drical shape. 

[0248] The toner charging roller 140 is arranged so 
that, as shown in FIG. 22(b), a cylindrical transparent 
backing material 1 40A such as glass, fused quartz, and '5 
acrylate resin is used, and a metallic thin film is formed 
as an electron emitting section 140B on the side of an 
outer surface of the transparent backing material 140A. 
Of course, material of which the electron emitting sec- 
tion 140B is made is not limited as long as photoeffect 20 
is brought about upon receiving light irradiation, so that 
the material may be, for example, metal such as Al or 
Ta, alloy such as Mg-Ag, semiconductor, and conductive 
polymer. 

[0249] In the toner charging means, light irradiated 25 
from the cold cathode glass lamp 139 is irradiated from 
the side of the inner surface of the toner charging roller 
140 to the toner charging roller 140. The light passes 
through the transparent backing material 140A of the 
toner charging roller 140 and arrives at the electron 30 
emitting section MOB. 

[0250] Here, unlike the electron emitting section of the 
toner charging roller 138, the electron emitting section 
140B does not include the openings 138A. That is, the 
electron emitting section 1 40 is constituted only of a me- 35 
tallic thin film which acts as a photoelectric surface. 
[0251] Note that, in the toner charging roller 140 of 
the foregoing arrangement, since photoelectrons which 
are emitted from the electron emitting section 1 40B hav- 
ing no opening 138A are emitted from the side of the *o 
outer surface of the toner charging roller 140 as in the 
above-mentioned electron emitting section 124 of Em- 
bodiment 5, detail descriptions are omitted. Further, it is 
preferable that, like the electron emitting section 1 24 de- 
scribed in Embodiment 5, a film thickness of the metallic <*5 
thin film (aluminium film) constituting the electron emit- 
ting section 140B is set most suitably so that its trans- 
mittance is 40 to 70%. 

[0252] Further, in order to realize low cost in the toner 
charging means, an arrangement shown in FIG. 23(a) so 
and FIG. 23(b) can be applied. The toner charging 
means in this case, as shown in FIG 23(a), is arranged 
so that the metallic thin film which serves as the electron 
emitting section 141 is directly formed on the outer sur- 
face of the cold cathode glass lamp 139. That is, as 55 
shown in FIG. 23(b), the metallic thin film which serves 
as the electron emitting section 141 is directly formed 
on a surface of a glass tube 139A of the cold cathode 
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glass lamp 139. The arrangement does not require the 
transparent backing material 1 40A of the toner charging 
roller 140, so that the number of members can be re- 
duced. As a result, it is possible to realize reduction in 
cost. 

[0253] Of course, like the electron emitting section 
140B of the toner charging roller 140, material of which 
the electron emitting section 141 is made may be, for 
example, metal such as Al or Ta, alloy such as Mg-Ag, 
semiconductor, and conductive polymer. Further, it is 
preferable that a film thickness of the electron emitting 
section 1 41 is set most suitably so that its transmittance 
is 40 to 70%. 

[0254] In the arrangement of the developing device 
according to Embodiment 7 (arrangement shown in FIG. 
22(a) and FIG. 22(b), or FIG. 23(a) and FIG. 23(b)), a 
relationship between pressure given by the toner re- 
stricting blade 1 36 and a charging characteristic of toner 
is substantially similar to the relationship shown in FIG. 
1 6 of Embodiment 2. In this case, the cold cathode glass 
lamp 139 irradiates ultraviolet having a 254nm wave- 
length. 

[0255] FIG. 1 6 shows that pressure of about 1 96kPa 
is required to obtain the desired charging amount (-2.0 
x 1 0" 2 p-C/kg) in a friction charging method of the prior 
art. On the other hand, according to the friction charging 
method of the present invention, the desired charging 
amount can be obtained by a quarter of pressure re- 
quired in the friction charging method of the prior art, 
that is, by pressure of about 49kPa. 
[0256] As described above, in the developing device 
according to Embodiment 7, the charging member is ar- 
ranged so that the charging member has a photoelectric 
film, which emits electrons upon receiving light irradiat- 
ed from the light irradiating means, on an outer surface 
of a cylindrical backing material having light transmit- 
tance. 

[0257] According to the foregoing arrangement, the 
light irradiated from the light irradiating means passes 
through the cylindrical backing material so as to reach 
the photoelectric film, and photoelectrons which have 
been brought about by photoeffect are emitted from the 
outer surface of the charging member. Thus, it is possi- 
ble to charge the developer which passes outside the 
charging member. 

[Embodiment 8] 

[0258] Still another embodiment of the present inven- 
tion is described based on drawings as follows. 
[0259] A developing device 1 30* according to Embod- 
iment 8, as shown in FIG. 24, is arranged so that an 
electrode plate 142 is provided on an internal side wall 
of the charging tank 133, and the toner charging roller 
1 38 and the electrode plate 1 42 are connected to a bias 
applying means 143, so that an electric bias is applied 
between the toner charging roller 1 38 and the electrode 
plate 142. Other than this arrangement, the developing 
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device 130' is arranged in the same manner as the de- 
veloping device 130. 

[0260] tn the developing device 1 30* of the foregoing 
arrangement, an electric bias is applied between the 
toner charging roller 138 and the electrode plate 142, 5 
so that it is possible to improve the charging effect in the 
toner charging means due to an action as described in 
Embodiment 3. That is, an electric field brought about 
by applying the electric bias causes an action which 
heightens a utility rate of photoelectrons emitted from n> 
the electron emitting section and an action of electric 
avalanche to improve the charging efficiency. 
[0261] Here, the electric bias between the toner 
charging roller 138 and the electrode plate 142 are ap- 
plied so that the electric field strength is in a range of *5 
0.5 to 2.5 x 10 6 (V/m). 

[0262] FIG. 25 shows a relationship between the elec- 
tric field strength, at which the desired charging amount 
(-2.0 x 10* 2 nC/kg) is obtained, and a process speed in 
this case. It is obvious from FIG. 25 that in the case 20 
where the process speed at which the desired charging 
amount is obtained is also improved by increasing the 
electric field strength of the electric bias and the electric 
bias in the foregoing range is applied, it is possible to 
charge toner to such extent that the process speed is 25 
50 to 150 mm/s. 

[0263] Note that, in the foregoing description, al- 
though the developing device 130' is arranged so that 
the electrode plate 1 42 and the bias applying means 1 43 
are combined to the toner charging means shown in 30 
FIG. 21 , It is also possible to combine the electrode plate 
1 42 and the bias applying means 1 43 to the tonercharg- 
ing means shown in FIG. 22 or FIG. 23. Here, in the 
case where the electrode plate 142 and the bias apply- 
ing means 143 to the toner charging means shown in 35 
FIG. 21, it is possible to connect the bias applying 
means 143 to a backing material of the toner charging 
roller 138. 

[0264] While, in the case where the electrode plate 
142 and the bias applying means 143 are combined to *o 
the toner charging means shown in FIG. 22(a) and FIG. 
22(b), or FIG. 23(a) and FIG. 23(b), the bias applying 
means 1 43 is directly connected to the electron emitting 
section 1 40B of the toner charging roller 1 40 or the elec- 
tron emitting section 141 formed on a surface of the cold 45 
cathode glass lamp 139. Alternately, a transparent con- 
ductive layer made of, for example, ITO (Indium Tin Ox- 
ide) is formed on the electron emitting section 140B or 
a lower layer of the electron emitting section 141, and 
the bias applying means 143 is connected to the elec- so 
tron emitting section MOB or the electron emitting sec- 
tion 141 via the transparent conductive layer. 
[0265] As described above, the developing device ac- 
cording to Embodiment 8 includes an electrode plate op- 
posite to at least one portion of the electron emitting sec- 55 
tion; and bias applying means for applying an electric 
bias between the electron emitting section and the elec- 
trode plate. 
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[0266] According to the arrangement, photoelectrons 
emitted from the photoelectric film of the electron emit- 
ting section are attracted to developer by the bias, so 
that it is possible to give more electrons to the developer 
which passes through an external portion of the charg- 
ing member (more concretely, between the electron 
emitting section and the electrode plate). Further, the 
attracted electrons are accelerated so as to bring about 
electric avalanche, so that it is possible to amplify elec- 
trons which contribute to charging of toner. Thus, it is 
possible to obtain high charging efficiency. 
[0267] Note that, in the descriptions of the respective 
embodiments, although descriptions are given as to the 
case where the nonmagnetic 1 component toner is used 
as toner, toner which can be used in the developing de- 
vice of the present invention is not limited to the non- 
magnetic 1 component toner, but magnetic toner or 2 
component toner may be used. However, the develop- 
ing device of the present invention is to reduce thermal 
load given to toner so as to prevent the toner from being 
damaged or from fusing and adhering to a blade, and it 
is possible to obtain a preferable effect in the case where 
the developing device of the present invention is applied 
particularly to the nonmagnetic 1 component toner 
which raises such a problem that toner is fused and ad- 
heres to a blade. 

[0268] In the descriptions of the respective embodi- 
ments, toner is charged by the toner charging means 
which is a main characteristic arrangement of the 
present invention, and pressure of the toner restricting 
blade exerted to the developing roller is set to be mini- 
mum pressure which is required in restricting a layer 
thickness of the toner. 

[0269] However, the developing device of the present 
invention is not limited to this arrangement, but the toner 
charging means may be in auxiliary use upon charging 
toner. That is, in this case, pressure of the toner restrict- 
ing blade exerted to the developing roller is set to be the 
strongest under a condition that toner is not damaged 
or the toner does not adhere to a blade, and the toner 
charging means of the present invention charges a volt- 
age whose value is equal to a shortage brought about 
between a charging amount in accordance with the fric- 
tion charging and the desired charging amount. 
[0270] According to the arrangement in which the ton- 
er charging means is in auxiliary use upon charging ton- 
er, it is possible to set charging performance required in 
the toner charging means to be small, so that it is pos- 
sible to realize reduction in cost of the toner charging 
means. 

[0271] Note that, in a relationship between the charg- 
ing performance of the toner charging means and the 
pressure of the toner restricting blade of the developing 
roller, a total charging amount of a toner charging 
amount based on the toner charging means and a toner 
charging amount based on the friction charging reaches 
the desired charging amount which is ultimately re- 
quired. That is, it is possible to arbitrarily set a ratio of 
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(a) the toner charging amount based on the toner charg- 
ing means and (b) the toner charging amount based on 
the friction charging under a condition that toner is not 
damaged or the toner does not adhere to a blade. 
[0272] Further, the light irradiating means of the 
present invention is not limited to the ultraviolet irradi- 
ator 1 1 6 or the cold cathode glass lamp 1 39 used in the 
respective embodiments, but there is not limitation with 
respect to the light irradiating means as long as it is pos- 
sible to irradiate light which can induce photoeffect 
However, it is preferable that the light irradiating means 
is a light source which generates less heat, and a xenon 
iamp etc. can be preferably used other than the ultravi- 
olet irradiater and the cold cathode glass lamp. 
[0273] Further, although the electron emitting section 
of the respective embodiments obtains the emitted elec- 
trons to charge toner in accordance with photoeffect, in 
principle, it is possible to use thermoelectric effect (ther- 
mionic emission) in which the electron emitting section 
is heated so as to emit electrons. However, the devel- 
oping device of the present invention is to reduce ther- 
mal load given to toner, so that it is needless to say that 
it is more preferable that photoeffect emitting no heat is 
used. 

[0274] As described above, in the developing device 
according to Embodiments 1 to 8, it is preferable that: 
the developer charging means includes the light irradi- 
ating means, and the light irradiating means irradiates 
light to the electron emitting section, so that electrons 
are emitted in accordance with photoeffect. 
[0275] According to the arrangement, the developer 
charging means can emit electrons to developer without 
giving thermal load. 

[0276] Further, in the developing device according to 
Embodiments 1 to 8, it is possible to obtain a particularly 
preferable effect by applying the present invention to a 
charging operation with respect to nonmagnetic 1 com- 
ponent toner which is liable to fuse and adhere to a 
blade. 

[0277] The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 



Claims 

1. A developing device, which is used in an electro- 
photographic apparatus to develop an electrostatic 
latent image on a latent image support body by de- 
veloper that has been charged, comprising: 

transport means for supporting the developer 
so as to transport the developer to the latent 
image support body; and 



charging means which includes (a) an electron 
inducing section for inducing its electrons by re- 
ceiving light irradiation and (b) irradiating 
means for irradiating light to the electron induc- 

5 jng section, and gives the electrons to the de- 

veloper so as to charge the developer, wherein 
the charging means and the transport means 
have a space therebetween, and a grid elec- 
trode for controlling a flow of the electrons is 

10 provided in the space. 

2. The developing device as set forth in claim 1, 
wherein the developer is negatively charged, and 
an absolute value of a charging amount is not less 

15 than 5u.c/g and not more than 30u,c/g. 

3. The developing device as set forth in claim 1 or 2, 
wherein a voltage, whose value is equal to a total 
of (a) a value of a voltage applied to the transport 

20 means and (b) a value of a voltage for charging the 
developer, is applied to the grid electrode. 

4. The developing device as set forth in any one of 
claims 1 to 3, wherein the electron inducing section 

25 is made of semiconductor or metal. 

5. The developing device as set forth in any one of 
claims 1 to 4, wherein a bias voltage is applied be- 
tween the electron inducing section and the trans - 

30 port means. 

6. The developing device as set forth in any one of 
claims 1 to 5, wherein: 

35 (a) supplying means for supplying the develop- 

er to the transport means and (b) the charging 
means are provided in this order along a direc- 
tion in which the developer is transported, the 
supplying means and the charging means be- 

40 ing opposite to the transport means, and 

the supplying means restricts a thickness of 
the developer transported on the transport means 
to a fixed thickness. 

45 

7. The developing device as set forth in any one of 
claims 1 to 6, wherein 

voltages having same polarities are applied to the 
charging means, the grid electrode, and the trans- 
50 port means respectively, and the voltages satisfy a 
relationship of 

a voltage applied to the charging means > a voltage 
applied to the grid electrode > a voltage applied to 
the transport means. 

55 

8. The developing device as set forth in any one of 
claims 1 to 7, wherein the developer is toner of 1 
component system. 
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9. The developing device as set forth in any one of 
claims 1 to 8, wherein wavelength changing means 
for changing a wavelength of the light irradiated 
from the irradiating means is provided between the 
electron inducing section and the irradiating means 5 
for irradiating the light to the electron inducing sec- 
tion. 

10. The developing device as set forth in any one of 
claims 1 to 9, wherein the irradiating means is pro- 10 
vided opposite to the transport means with the elec- 
tron inducing section therebetween. 

11. A developing device, which is used in an electro- 
photographic apparatus to develop an electrostatic '5 
latent image on a latent image support body by de- 
veloper that has been charged, comprising: 



12. The developing device as set forth in claim 11, 
wherein: 

35 

the developer charging means includes light ir- 
radiating means, and 

the electron emitting section receives light irra- 
diated from the light irradiating means, so as to 
emit electrons in accordance with photoeffect. *o 

13. The developing device as set forth in claim 11 or 12, 
wherein: the electron emitting section is provided 
on an area other than a contact area of a layer thick- 
ness restricting blade for restricting a layer thick- 45 
ness of the developer which is provided as a layer 

on the developer support body, the contact area be- 
ing in contact with the developer support body. 

14. The developing device as set forth in claim 13, so 
wherein: 
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opening on an area which serves as the elec- 
tron emitting section, and the area which serves 
as the electron emitting section has a photoe- 
lectric film, which emits the electrons upon re- 
ceiving the light irradiated from the light irradi- 
ating means, at least on said one side opposite 
to the light irradiating means. 

15. The developing device as set forth in claim 14, 
wherein: 

the opening has a slope so that (opening area 
on a light irradiating side) > (opening area on a 
side where the electrons are emitted), and 
the electron emitting section has the photoelec- 
tric film at least on said one side opposite to the 
light irradiating means and on an inner portion 
of the opening. 

16. The developing device as set forth in claim 13, 
wherein: 

the light irradiating means is provided opposite 
to one side of the layer thickness restricting 
blade, an other side of the layer thickness re- 
stricting blade being in contact with the devel- 
oper support body, and 

the layer thickness restricting blade includes a 
photoelectric film, which emits electrons upon 
receiving the light irradiated from the light irra- 
diating means, on an area which serves as the 
electron emitting section made of a backing 
material having light transmittance, said area 
being said other side opposite to the developer 
support body. 

17. The developing device as set forth in any one of 
claims 13 to 16, wherein: 

the layer thickness restricting blade is insulated 
against the developer support body, and 
the developer charging means includes bias 
applying means for applying an electric bias be- 
tween the layer thickness restricting blade and 
the developer support body. 

18. The developing device as set forth in claim 11 or 12, 
wherein the developer charging means charges the 
developer, which has not been provided as a layer 
on the developer support body, under a condition 
that the developer is less coagulated in the devel- 
oping device. 

19. The developing device as set forth in claim 11 or 12, 
wherein the developer charging means is provided 
on an upstream side with respect to developer sup- 
plying means for supplying the developer to a sur- 
face of the developer support body. 



the light irradiating means is provided opposite 
to one side of the layer thickness restricting 
blade, an other side of the layer thickness re- 55 
stricting blade being opposite to the developer 
support body, and 

the layerthickness restricting blade includes an 
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a developer support body for supporting the de- 
veloper so as to transport the developer to the 20 
latent image support body; and 
developer charging means for charging the de- 
veloper, wherein the developer charging 
means is provided so as to be separated from 
the developer support body and is provided 25 
with an electron emitting section which can emit 
electrons toward the developer which is to be 
charged, and the developer charging means 
charges the developer by sprinkling the elec- 
trons, that have been emitted from the electron 30 
emitting section, over the developer. 
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20. The developing device as set forth in claim 11 or 1 2, 
wherein: 

the developing device includes (a) a hopper for 
storing the developer that has not been 
charged, and (b) a developer tank, provided on 
a downstream side with respect to the hopper, 
which receives the developer supplied from the 
hopper, and 

the developer charging means, provided be- 
tween the hopper and the developer tank, 
which charges the developer falling from the 
hopper so as to be supplied to the developer 
tank. 

21. The developing device as set forth in any one of 
claims 18 to 20, wherein the developer charging 
means includes: 

a charging member of a cylindrical shape which 
has an area where the electron emitting section 
is provided; and 

the light irradiating means, provided in the 
charging member, which can irradiate the light 
in all directions. 

22. The developing device as set forth in claim 21, 
wherein the charging member has an opening on 
an area which serves as the electron emitting sec- 
tion, and a photoelectric film, which emits the elec- 
trons upon receiving the light irradiated from the 
light irradiating means, is provided at least on an 
inner surface of the charging member, the inner sur- 
face being a portion of the area which serves as the 
electron emitting section. 

23. The developing device as set forth in claim 21, 
wherein the charging member has a photoelectric 
film, which emits the electrons upon receiving light 
irradiated from the light irradiating means, on an 
outer surface of a cylindrical backing material hav- 
ing light transmittance. 

24. The developing device as set forth in any one of 
claims 18 to 20, wherein the charging member has 
a photoelectric film, which emits the electrons upon 
receiving light irradiated from the light irradiating 
means, on an outer surface of a cylindrical backing 
material having light transmittance. 

25. The developing device as set forth in any one of 
claims 21 to 24, further comprising: 

an electrode plate provided opposite to at least 
one portion of the electron emitting section; and 
bias applying means for applying an electric bi- 
as between the electron emitting section and 
the electrode plate. 
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26. The developing device as set forth in any one of 
claims 11 to 25, wherein the developer is nonmag- 
netic 1 component toner. 

5 27. A charging method for charging developer whereby 
an electrostatic latent image is developed into a vis- 
ualized image, wherein light is irradiated to an elec- 
tron inducing material which induces its electrons 
by receiving the light that has been irradiated, and 

10 the electrons that have been induced are emitted to 
the developer via a grid electrode so as to charge 
the developer. 

28. A charging method for charging developer used in 
15 a developing device which develops an electrostat- 
ic latent image formed on a latent image support 
body of an electrophotographic apparatus by 
charged developer used in the electrophotographic 
apparatus, wherein: 

20 

light is irradiated to an electron emitting section 
provided so as to be separated from a develop- 
er support body which transports the developer 
to the latent image support body, and 
25 electrons which have been emitted from the 

electron emitting section in accordance with 
photoeffect caused by the irradiated light are 
sprinkled over the developer, so as to charge 
the developer. 

30 

29. The charging method as set forth in claim 28, 
wherein the electrons emitted from the electron 
emitting section are accelerated by an electric bias, 
and an electric avalanche is brought about so as to 

35 amplify the electrons tha t make contribu tion in 
charging the developer. 

30. A printing apparatus comprising: a latent image 
support body for supporting an electrostatic latent 

40 image formed in accordance with an image signal; 
and a developing device for developing the electro- 
static latent image, wherein: 



the developing device includes: 

45 

transport means for supporting developer 
so as to transport the developer to the la- 
tent image support body; and 
charging means which has (a) an electron 

50 inducing section for inducing its electrons 

by receiving light irradiation and (b) irradi- 
ating means for irradiating light to the elec- 
tron inducing section, and gives the elec- 
trons to the developer so as to charge the 

55 developer, and 

the charging means and the transport 
means have a space therebetween, and a 
grid electrode for controlling a flow of the 



EP1 248 160 A1 



30 



24 




47 EP 1 248 160 A1 

electrons is provided in the space. 

31. A printing apparatus comprising: a latent image 
support body for supporting an electrostatic latent 
image formed in accordance with an image signal; 5 
and a developing device for developing the electro- 
static latent image, wherein: 

the developing device includes: 

10 

a developer support body for supporting 
developer so as to transport the developer 
to the latent image support body; and 
developer charging means for charging the 
developer, and the developer charging is 
means is provided so as to be separated 
from the developer support body and is 
provided with an electron emitting section 
which can emit electrons toward the devel- 
oper which is to be charged, and the devel- 20 
oper charging means charges the develop- 
er by sprinkling the electrons, that have 
been emitted from the electron emitting 
section, over the developer 

25 

32. A developer device for developing an electrostatic 
latent image on a latent image support body using 
charged developer, comprising 

transport means for supporting the developer 
and for transporting the developer toward the latent &> 
image support body, and 

charging means spaced from the transport 
means, for charging the developer with photoelec- 
trically generated electrons. 

35 

33. A developer device for developing an electrostatic 
latent image with charged developer, the device be- 
ing adapted to charge the developer with photoe- 
lectrical^ generated electrons. 

40 
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FIG. 1 3 (a) 
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FIG. 15 
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FIG. 16 
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FIG. 1 7 (a) 



V 



122 



Ws 



T 

C 



FIG. 1 7 (b) 



® ® ® 

® ® ® 

® ® ® 

® © ® 

® ® ® 

® ® ® 
®— ®— ® 

® ® ® 

® ® ® 

® ® ® 

® ® © 

® © 



t 



122B 122A 



<t>2. 



Z2 



01 122B 122A 

o 

LIGHT IRRADIATION 
C-C 



"f 



41 



EP1 248160 A1 



FIG. 18 (a) 
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